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Appendix  D 

Ohio  River  Demonstration  Projects 
Section  32  Program 


Summary 

The  Final  Report  to  Congress  on  the  work  done  under  the  authority  of  the 
"Streambank  Erosion  Control  Evaluation  and  Demonstration  Act  of  1974"  consists 
of  a  Main  Report  and  eight  Appendices.  The  Main  Report  is  an  overall  pre¬ 
sentation  of  the  study  with  a  summary  of  pertinent  findings,  conclusions,  and 
recommendations.  The  appendices  provide  specific  information  on  the  various 
items  presented  in  the  Main  Report. 

This  Appendix  D  covers  the  design,  construction  and  monitoring  details  of  the 
nine  Ohio  River  demonstration  projects  constructed  under  the  authorizing 
legislation.  Three  projects  constructed  on  tributaries  of  the  Ohio  River  are 
reported  under  "Demonstration  Projects  on  Other  Streams,  Nationwide"  in 
Appendix  G. 

The  Pittsburgh,  Huntington  and  Louisville  Districts  were  responsible  for  the 
design  and  construction  of  the  projects  according  to  their  geographical 
location  within  the  Ohio  River  Division.  Performance  monitoring  of  the  projects 
constructed  has  been  accomplished  by  the  districts.  Details  of  the  observations 
are  covered  in  the  project  reports  in  this  appendix,  which  were  prepared  by  the 
respective  districts  and  reviewed  by  the  Division  Office. 

Reports  on  Demonstration  Projects 

Main  Report 


Pittsburgh  District  Map  No. 


Moundsville  Grave  Creek,  West  Virginia  1 

Moundsville  Country  Club,  West  Virginia  2 

Powhatan  Point,  Ohio  3 

Huntington  District 

St.  Mary's,  West  Virginia  4 

Ravenswood,  West  Virginia  5 

South  Point,  Ohio  6 

Portsmouth,  Ohio  7 

Louisville  District 

Moscow,  Ohio  8 

Mt.  Vernon,  Indiana  9 


Local  cooperation  agreements  with  the  various  sponsors  in  accordance  with 
Section  221  of  the  Flood  Control  Act  of  1970  (Public  Law  91-611)  has  been 
executed  by  the  various  districts.  An  environmental  assessment  in  accordance 
with  Section  404(b)(1)  of  the  Clean  Water  Act  was  made  for  every  project  and 
is  on  file  with  the  respective  districts.  See  example  on  pages  D-5-24  to 
D-5-27 . 
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OHIO  RIVER  AT 

MOUNDSVILLE  (GRAVE  CREEK),  WEST  VIRGINIA 


Section  32  Program  Streambank  Erosion  Control 
Evaluation  and  Demonstration  Act  of  1974 


OHIO  RIVER  AT  MOUNDSVILLE  (GRAVE  CREEK) ,  WEST  VIRGINIA 
DEMONSTRATION  PROJECT  PERFORMANCE  REPORT 

I.  INTRODUCTION 

A.  Project  Name  and  Location.  Moundsville,  West  Virginia,  Grave  Creek 
Demonstration  Project,  Ohio  River  -  Mile  102,  at  Moundsville,  W.V. 

Plate  1  shows  the  project  location. 

B.  Authority.  Streambank  Erosion  Control  Evaluation  and  Demonstration 
Act  of  1974,  Section  32,  P.L.  93-251. 

C.  Purpose  and  Scope.  The  report  describes  a  bank  erosion  problem,  the 
types  of  protection  used,  and  a  performance  evaluation  of  a  demonstra¬ 
tion  project  on  the  Ohio  River  designed  and  monitored  by  the  Pittsburgh 
District . 

D.  Problem  Resume.  The  left  bank  of  the  Ohio  River  was  subject  to 
active  erosion  which  was  undercutting  mature  trees  and  land  which  was 
leased  at  the  time  of  construction  by  the  City  of  Moundsville  for  public 
recreation  and  by  an  asphalt  production  facility.  The  site  is  crossed 
by  a  sanitary  sewer,  running  parallel  to  the  bank,  which  would  be 
endangered  if  erosion  were  to  continue. 


II.  HISTORICAL  DESCRIPTION 


A.  Stream  Description,  General. 

1.  Topography.  The  Ohio  River  at  the  demonstration  site  drains  an 
area  of  25,500  square  miles  covering  primarily  Pennsylvania  west  of  the 
Allegheny  Mountains  and  extending  into  portions  of  Ohio,  West  Virginia, 

New  York,  and  Maryland.  Major  tributaries  are  the  Allegheny,  Monongahela, 
and  Beaver  Rivers.  The  topography  of  the  basin  is  characterized  by 
mature  development  of  the  drainage  systems  within  the  Allegheny  plateau 


• 

physiographic  province.  From  its  origin  at  Pittsburgh  the  river 
descends  90  feet  along  a  course  of  102  miles  to  the  demonstration  site. 

Relief  at  the  site  is  approximately  700  feet  from  the  river  to  the  top  • 

of  the  surrounding  valley  walls.  The  river  flows  south  at  the 

demonstration  site  following  a  sinuous  course  with  curves  varying  from 

45  degrees  to  180  degrees  and  radii  of  1  to  2  miles.  The  natural  stream 

gradient  in  this  area  is  about  0.5  foot  per  mile.  The  valley  floor  • 

averages  about  0.6  mile  in  width.  Stream  banks  average  from  17  feet  at 

Wheeling  to  several  feet  above  normal  pool  at  the  Hannibal  Lock  and  Dam. 

The  Moundsville  Grave  Creek  demonstration  site  is  near  the  downstream 

end  of  the  Moundsville  Bottom  which  extends  along  the  river  for  3.5  • 

miles  on  the  outside  of  a  sharp  southeastern  bend. 

2.  Geology.  The  Ohio  River  throughout  its  course  along  the  West 
Virginia-Ohio  border  has  become  entrenched  in  sedimentary  strata  of  • 

Pennsylvanian  and  Lower  Permian  Age.  These  strata  are  made  up  of  inter- 
bedded  sandstones,  siltstones,  clays,  shales,  limestones,  and  coals. 

The  bedrock  valley  of  the  Ohio  River  contains  an  alluvial  fill  of  out- 

wash  from  the  Wisconsin  continental  Glacier.  In  the  portion  of  the  Ohio  • 

Valley  within  the  study  area  the  alluvial  fill  is  predominantly  gravel, 

sand  and  gravel,  and  gravelly  sand.  Since  the  last  glacial  episode,  the 

Ohio  River  has  been  cutting  down  through  the  alluvium  with  the  formation 

of  river  terraces  at  various  elevations  in  the  Wisconsin  fill  and  a  well  • 

defined  flood  plain.  In  the  study  area,  the  Ohio  River  is  still  underlain 

by  the  Wisconsin  alluvial  fill  to  depths  of  35  to  60  feet.  A  layer  of 

fine  grained  alluvium,  averaging  10  to  30  feet  in  thickness,  has  been 

deposited  on  the  flood  plain  by  inundations  of  Ohio  River  floodwaters.  • 

The  Ohio  River  channel  has  been  shifting  back  and  forth  across  the 
alluvium  which  fills  the  bedrock  valley.  The  channel  is  thus  frequently 
located  asymmetrically  on  one  side  of  the  old  bedrock  valley.  In  these  • 

areas,  one  bank  consists  of  the  highly  erodible  flood  plain  deposits  and 
the  other  consists  of  rock  out-crops  or  colluvial  soil  which  has  accumu¬ 
lated  through  weathering  and  creep  of  the  hillsides  above.  The  collu- 

• 
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vial  soils  are  generally  stiff  to  hard  silty  clays  with  angular  rock 
fragments  and  little  or  no  layering.  These  soils  tend  to  resist  erosion 
and  seem  to  erode  at  a  much  slower  rate  than  flood  plain  deposits. 


1 


Noundsville  Bottom,  on  which  the  demonstration  project  is  located,  is  a 
flood  plain  which  features  an  abondoned  cut-off  meander  channel  of  the  Ohio 
River  which  extends  1.5  miles  eastward  from  the  present  channel  location.  A 
boring  made  for  the  installation  of  piezometers  at  the  demonstration  site 
encounter'd  rock  under  41  feet  of  alluvium  and  colluvium,  at  elevation  595, 
while  water  supply  wells  at  the  State  Penitentiary,  located  eastward  in  the 
middle  of  the  meander  area,  reportedly  penetrated  100  feet  of  gravel,  to 
elevation  580,  without  encountering  bedrock. 


3.  Locality,  Development,  and  Occupation.  The  Ohio  River  Valley  in 
the  vicinity  of  the  demonstration  site  has  developed  a  diverse 
industrial  character.  Over  the  past  several  decades  most  of  the  broad 
agricultural  bottoms  have  been  acquired  for  industrial  development. 
Uithin  the  Hannibal  navigation  pool  the  river  valley  contains  several 
large  cities  and  towns,  including  Wheeling,  Moundsville,  and  New 
Martinsville  in  West  Virginia,  and  Martins  Ferry,  Bellaire,  and 
Shadyside  in  Ohio.  Local  industries  include  coal  mining,  steel,  chemi¬ 
cal  and  aluminum  production,  electric  power  generation,  and  a  variety  of 
light  manufacturing.  The  river  is  paralleled  by  railroads  and  highways 
on  both  banks. 


The  Ohio  River  has  been  an  important  transportation  artery  since 
pre-history  and  has  undergone  navigation  improvements  since  1824  when 
Congress  provided  for  removal  of  obstructions  such  as  bars  and  snags. 
For  many  years  river  navigation  was  facilitated  solely  by  open  channel 
improvements.  In  addition  to  removal  of  channel  obstructions,  stone 
training  dikes  were  constructed  at  various  bars  in  order  to  constrict 
the  channel  and  increase  the  scour  of  the  river.  The  first  movable  dam 
on  the  Ohio  River  was  located  at  Davis  Island,  4.7  miles  below 
Pittsburgh,  and  opened  to  commerce  October  7,  1885.  A  system  of  locks 
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and  movable  dams  was  eventually  constructed  along  the  entire  Ohio  River. 

In  August  1917,  Lock  and  Dam  14  was  put  into  operation  12  miles 
downstream  of  the  demostration  site.  These  early  dams  incorporated  a 
navigable  pass  to  provide  a  channel  for  open  river  navigation  during 
periods  of  high  flow.  A  series  of  wickets,  heavy  timber  shutters,  were 
raised  to  impound  water  as  needed  to  maintain  a  navigation  pool.  When 
not  required,  the  wickets  would  lie  flat  at  such  a  depth  as  to  offer  no 
obstruction  to  free  navigation  through  the  pass.  Replacement  of  these 
original  navigation  dams  with  fixed,  gated  structures  having  higher  lifts 
has  been  ongoing.  In  1975,  Hannibal  Locks  and  Dam  went  into  full  opera¬ 
tion  and  Locks  and  Dams  12,  13  and  14  were  removed. 

4.  Hydrologic  Characteristics.  The  Ohio  River  Valley  in  the  vici¬ 
nity  of  the  demonstration  site  is  subject  to  a  continental  climate  with 
high  and  low  temperature  extremes  of  95  degrees  to  105  degrees  F. ,  and 
-15  degrees  to  -25  degrees  F.  The  mean  annual  temperature  averages  50 
degrees  F.  The  growing  season  extends  from  late  April  to  mid-October. 
Normal  annual  precipitation  is  approximately  40  inches  per  year.  The 
flood  of  record  occurred  in  March  1936  with  a  maximum  discharge  of  450,000 
c.f.s.  in  the  vicinity  of  the  demonstration  site.  This  flow  exceeded 

the  500-year  flood  and,  at  the  demonstration  site,  overtopped  the  bank 
by  12  feet.  A  stage  frequency  curve  is  shown  on  Plate  2.  A  one-year 
flood  hydrograph  is  shown  on  Plate  3. 

5.  Existing  Channel  Conditions.  The  sinuosity  of  the  channel  was 
described  in  paragraph  II. A. 1.  The  channel  location  has  been  relatively 
stable  within  historical  time.  A  discharge  rating  curve  for  the  river  at 
the  site  location  is  shown  on  Plate  2. 

6.  Environmental  Considerations.  A  minor  amount  of  farming  is 
practiced  in  the  few  remaining  undeveloped  portions  of  the  river  valley. 
This  is  being  accomplished  under  lease  from  the  industries  in  the  area 
who  own  these  properties  and  are  reserving  them  for  future  expansion  of 
facilities.  The  steep  hillsides  adjacent  to  the  valley  floor  are  pri- 
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marily  undeveloped  and  consist  of  second  growth  woodlands.  Within  the 
flood  plain,  vegetation  associated  with  farming  and  frequent  site 
disturbance  prevails.  Along  the  river  bottom  land,  silver  maple  and 
sycamore  occur  most  frequently,  while  elm,  cottonwood,  buckeye  and 
willow  are  present  with  somewhat  reduced  representation.  On  the  hillsides 
and  in  areas  of  greater  stability  above  ordinary  high  water,  oaks, 
beech,  red  maple,  ash,  black  cherry  and  walnut  exist.  Timber  stands 
adjacent  to  the  river  are  generally  of  low  quality  because  of  physical 
damage  caued  by  ice  and  floating  debris  during  high  water.  Nails,  spi¬ 
kes,  eye  bolts,  cables  and  physical  damage  from  river  traffic  are  also 
evident  in  many  specimens. 

Both  fish  and  wildlife  resources  of  significance  are  found  in  the 
project  area.  Fishes  include  such  species  as  channel  catfish,  carp, 
spotted  bass,  largemouth  bass,  smallmouth  bass,  white  bass,  pumpkinseed, 
bluegill,  white  crappie,  shiners,  perch,  skipjacks,  gizzard  shad,  and 
golden  redhorse.  Excellent  warm-water  fisheries  have  developed  at  or 
near  the  mouths  of  several  of  the  tributary  streams.  Wildlife  resources 
also  include  a  variety  of  species.  Mourning  doves,  bobwhite  quail  and 
cottontail  rabits  are  present  in  the  agricultural  areas,  while  ruffed 
grouse  and  squirrels  inhabit  the  uplands.  White-tailed  deer  are  present 
in  the  adjacent  uplands  and  also  range  into  the  valley.  The  Ohio  River 
also  provides  resting  and  feeding  opportunities  for  several  species  of 
migratory  waterfowl.  Muskrat,  mink,  raccoon  and  fox  are  some  of  the  fur 
animals  in  the  area. 

This  reach  of  the  river,  as  with  the  entire  Ohio  in  general,  is 
exposed  to  various  types  of  pollution  which  tend  to  affect  aquatic  life 
and  generally  detract  from  the  aesthetic  value  of  the  river.  Excessive 
amounts  of  organic  matter,  chemicals,  sediment  and  colloidal  particles 
contribute  to  the  relatively  poor  water  quality,  with  seasonal  variations 
experienced  as  a  result  of  changes  in  flow  and  temperature. 

The  use  of  steel  furnace  slag  in  the  demonstration  schemes  may  also 
result  in  a  level  of  water  quality  degradation  commensurate  with  the 
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bulk  chemical  content  of  the  slag  and  the  availability  of  its  chemical 
constituents  to  the  Ohio  River  as  a  result  of  leaching  and  weathering. 
Fines  may  also  enter  the  Ohio  River  as  a  result  of  slag  erosion. 

Plate  4  provides  a  comparison  of  results  of  leachability  tests  per¬ 
formed  on  slag  used  at  the  demonstration  site  with  Ohio  River  water 
quality  near  the  Moundsville  Grave  Creek  site  and  relevant  water  quality 
criteria  and  standards. 

7.  Environmental  Effects.  During  the  proposed  v.  -k,  disturbance  of 
the  river  bed  and  bank  would  result  in  temporary,  construction-related 
increases  in  turbidity  and  suspended  matter  in  the  Ohio  River  downstream 
of  the  project  site,  which  would  be  confined  to  an  approximate  45-day 
construction  period.  Grading  and  recontouring  of  the  bank  slope  would 
result  in  the  loss  of  established  herbaceous  and  woody  vegation  and 
exposure  of  disturbed  soil  to  river  currents  and  weathering.  Filter 
cloth  matting  would  aid  in  the  retention  of  exposed  soil  prior  to  reve¬ 
getation.  The  use  of  air-cooled  basic  oxygen  furnace  slag  in  schemes 
which  specify  structural  protection  may  result  in  a  level  of  water 
quality  degredation  commensurate  with  the  bulk  chemical  content  of  the 
slag  and  the  availability  of  its  chemical  constituents  to  the  Ohio  River 
as  a  result  of  leaching  and  weathering.  However,  the  quantities  of  slag 
involved,  weathering  and  aging  of  the  slag  surface  and  gradual  revege- 
tation  would  tend  to  minimize  the  level  of  chemical  constituents  leached 
from  the  slag.  The  required  excavation  would  diminish  habitat  diversity 
within  the  riverine  littoral  region  and  along  the  protected  shoreline, 
but  would  not  result  in  the  loss  of  significantly  productive  shallow 
water  habitat  or  aquatic  or  terrestrial  cover  necessary  to  sustain  a 
locally  diverse  fish  or  wildlife  population. 

Both  short  and  long-term  benefits  would  accrue  as  a  result  of  the 
proposed  action:  (1)  One  or  more  optimum  designs  of  bank  protection 
would  be  determined  as  a  result  of  periodic  monitoring  and  studies  of 
the  relative  durability  of  the  various  demonstration  project  schemes. 
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(2)  The  proposed  demonstration  project  schemes  may  collectively  relieve 
the  acute  bank  erosion  problem  at  each  of  the  proposed  test  sites. 

B.  Demonstration  Project. 

1.  Hydrologic  Characteristics.  Hydrographs  for  the  demonstration 
site  are  shown  on  Plates  5  and  6.  Channel  cross-sections  are  shown  on 
Plate  7.  The  river  channel  in  the  vicinity  of  the  demonstration  site 
has  been  subject  to  commercial  sand  and  gravel  dredging  at  various  times 
in  the  past.  Ice  formation  in  the  project  area  becomes  significant  only 
during  unusually  severe  winters.  Ice  movement  is  not  a  factor  in  bank 
erosion  at  the  site. 


2.  Hydraulic  Characteristics .  Velocity  distribution  measurements 
were  made  at  the  Moundsville  demonstration  site,  4  miles  downstream,  and 
were  found  to  agree  with  the  District  computational  method  within  V4  foot 
per  second  81  percent  of  the  time.  There  is  some  doubt  that  these 
distributions  apply  at  the  Moundsville,  Grave  Creek,  site  because  of 
its  location  on  a  bend.  Velocity  measurements  at  this  site  will  be  made 
in  the  future.  Average  river  velocities  at  the  site  for  given 
discharges  are  as  follows: 


Discharge 

(cfs) 


Frequency  of  Occurrence  Average  Velocity 
(years)  (fps) 


20,000  0.8 

100,000  3.4 

220,000  (1976  flood)  5.2 

283,000  10  5.6 

348,000  (1972  flood)  5.6 

398,000  100  6.5 
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Piezometers  were  Installed  at  the  demonstration  site  and  monitored  twice 
per  week.  Plate  8  shows  the  piezometer  locations  and  Plate  9  shows 
plots  of  the  piezometric  levels  and  the  river  stage.  Wave  action  was 
observed  visually  under  various  wind  and  traffic  conditions.  The  maxi¬ 
mum  observed  wave  height  was  approximately  one  foot  and  was  induced  by 
traffic  during  low  flow  conditions.  The  minimum  pool  elevation  is  main¬ 
tained  at  elevation  623  by  the  operation  of  Hannibal  Locks  and  Dam,  20 
miles  downstream.  Flows  are  controlled  by  eight  gated  bays,  each  110 
feet  long,  and  110-foot  long  fixed  weir  section.  The  dam  gates  are 
raised  to  pass  high  flows,  so  that  the  influence  of  the  dam  on  the  river 
decreases  with  increasing  flow.  At  the  demonstration  site  the  influence 
of  the  dam  during  floods  is  insignificant.  Prior  to  the  completion  of 
the  Hannibal  Project  in  1975  the  river  at  the  demonstration  site  was 
maintained  at  minimum  pool  elevation  610.5  by  Lock  and  Dam  14.  The 
operation  of  the  wicket  type  dams  is  described  in  paragraph  II. A. 3. 

3.  Rlverbank  Description.  The  riverbank  at  the  deraonstraton  site 
is  composed  of  fine  grained  alluvium  deposited  by  past  flood  events  in  a 
thinly  interbedded  structure  of  fine  sands,  silts,  and  clays.  Plate  10 
shows  the  logs  of  the  boring  made  for  the  installation  of  piezometers. 
The  landward  area  is  planted  with  grass  and  is  mowed  to  within  several 
feet  of  the  top  of  bank.  A  few  mature  trees  grow  near  the  top  of  bank 
along  the  demonstration  reach. 

Erosion  at  the  site  is  episodic  with  the  majority  of  bank  loss 
occurring  during  or  immediately  following  periods  of  high  water.  The 
primary  erosion  mechanisms  at  this  site  are  sloughing  and  piping 
followed  by  removal  of  the  disturbed  soil  by  river  flows.  Sloughing  is 
the  stability  failure  of  a  block  of  bank  soil  that  results  from  satura¬ 
tion  during  high  water  and  the  related  pore  pressure  and  weight  increase 
following  the  subsequent  drawdown. 

Piping  is  the  development  of  cavities  in  the  bank  face  resulting 
from  groundwater  seepage  concentrating  in  the  more  permeable  sandy 
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layers  In  the  bank.  The  passage  of  water  along  these  layers  tends  to 
remove  Individual  particles  of  granular  material  at  the  face  of  the 
bank,  in  turn  removing  support  for  overlying  materials. 


Erosion  at  this  site  has  been  brought  to  the  attention  of  the 
District  since  at  least  the  early  seventies,  well  before  the  establish¬ 
ment  of  the  Hannibal  pool.  Plate  11  shows  the  condition  of  the  bank 
prior  to  the  demonstration  project. 


III.  DESIGN  AND  CONSTRUCTION 


A.  General .  The  Moundsville,  Grave  Creek,  site  presented  the  oppor¬ 
tunity  to  evaluate  different  schemes  of  bank  protection  along  the  out¬ 
side  of  a  sharp  riverbend  located  with  good  landward  access  and  where 
erosion  has  been  a  chronic  problem.  Six  schemes  were  designed  to  compare 
varying  combinations  of  structural  and  vegetal  methods  of  bank  protec¬ 
tion. 

B.  Basis  for  Design.  The  structural  features  included  a  rubber  tire 
wall  and  a  series  of  variations  on  the  conventional  stone  bank  protec¬ 
tion  design  used  by  the  District  at  that  time.  Steel  furnace  slag  was 
used  in  lieu  of  stone  because  it  is  an  economical,  locally  available 
material.  The  slag  is  a  durable  high  density  by-product  of  the  basic 
oxygen  or  electric  furnace  steel  making  processes  and  should  not  be  con¬ 
fused  with  lighter  density  blast  furnace  slag.  The  slag  is  graded  into 
various  sizes  by  the  suppliers  for  sale  as  highway  materials,  railroad 
ballast,  or  fill  material.  The  size  range  used  for  bank  protection 
includes  a  varying  percentage  of  refractory  brick  from  ladle  or  furnace 
linings.  The  refractory  material  is  a  durable  and  angular  component  of 
the  bank  protection.  Where  a  filter  was  placed  between  the  slag  protec¬ 
tion  and  the  underlying  soil,  a  woven  polypropylene  filter  fabric  was 
used.  The  rubber  tire  wall  was  constructed  with  used  automobile  tires 


placed  In  staggered  lifts  and  filled  with  gravel.  This  labor  intensive 
scheme,  using  a  common  discarded  material,  was  included  in  the  project 
because  it  is  feasible  for  use  by  small  property  owners  with  limited 
financial  resources.  The  vegetal  features  included  a  variety  of 
shrubs,  legumes,  and  grasses  planted  or  seeded  in  subsections  within  some 
schemes  of  protection.  The  plants  were  chosen  on  the  basis  of  recommen¬ 
dations  from  other  agencies,  findings  in  the  literature,  and  District 
experience. 

C.  Construction  Details. 


1.  Scheme  1 .  This  275-foot  reach  of  protection  was  constructed  by 
placing  graded  steel  furnace  slag  along  the  existing  ground  surface  from 
pool  elevation  623.0  to  elevtion  627.0  with  a  minimum  thickness  of  18 
inches  and  an  outer  slope  no  steeper  than  one  vertical  on  one  horizon¬ 
tal.  The  slag  was  well  graded  between  two  and  18  inches  and  was  placed 
without  a  filter.  There  was  no  treatment  of  the  bank  above  elevation 
627.0.  Scheme  1  details  are  shown  on  Plate  12. 

2.  Scheme  2.  Scheme  2  is  a  375-foot  long  well  constructed  of  used 
automobile  tires  stacked  in  staggered  rows.  The  succeslve  rows  are 
placed  with  a  landward  offset  to  provide  an  overall  landward  batter  to 
the  face  of  the  wall.  Each  row  of  tires  was  filled  with  gravel  prior  to 
placement  of  the  next  overlying  row.  The  wall  was  constructed  just 
riverward  of  the  eroded  bank  face  and  the  intervening  space  was  filled 
with  sand  and  gravel  placed  in  lifts  concurrent  with  the  rows  of  tires. 
The  top  of  the  wall  rises  to  elevation  630.0,  seven  feet  above  pool,  and 
the  bank  above  the  wall  was  graded  to  a  one  on  one  slope  and  planted 
with  a  variety  of  shrubs.  The  wall  was  founded  on  a  slag  fill  placed  on 
the  existing  ground  surface  to  elevation  624.0,  one  foot  above  pool. 
Details  of  Scheme  2  are  shown  on  Plate  13. 

3.  Scheme  3.  This  250-foot  long  scheme  was  constructed  by  exca¬ 
vating  the  bank  to  a  one  on  one  slope  from  elevation  622.0,  one  foot 
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below  pool,  to  the  top  of  bank,  and  placing  graded  slag  from  elevation 
622.0  to  elevation  627.0.  The  slag  was  placed  atop  filter  fabric  and 
with  an  outer  slope  of  one  vertical  on  one  and  one-half  horizontal. 

The  bank  above  elevation  627.0  was  seeded  and  mulched.  Plate  14  shows 
details  of  Scheme  3. 

4.  Scheme  4.  This  scheme  Is  350  feet  long  and  comprises  a  12-inch 
thick  blanket  of  graded  slag  placed  atop  filter  fabric  from  elevation  623.0 
to  elevation  630.0  with  a  variety  of  shrubs  planted  on  the  upper  bank  slope 
graded  to  one  vertical  on  one  and  one-half  horizontal.  Scheme  4  details  are 
shown  on  Plate  15. 

5.  Scheme  5.  This  300-foot  long  scheme  was  constructed  by  grading 
the  bank  to  a  one  vertical  on  two  horizontal  slope,  placing  a  12-lnch 
thick  blanket  of  graded  slag  from  elevation  623.0  to  elevation  628.0 
atop  filter  fabric,  and  planting  the  upper  bank  with  a  variety  of 
shrubs.  Plate  16  shows  details  of  Scheme  5. 

6.  Scheme  6.  This  scheme  is  300  feet  long  and  comprised  a  fill  of 
graded  slag  with  a  2-foot  minimum  thickness  placed  from  elevation  623.0  to 
elevation  630.0.  The  bank  was  excavated  as  necessary  to  achieve  the  re¬ 
quired  toe  elevation.  The  outer  face  of  the  slag  fill  was  placed  to  a  one 
vertical  on  one  and  one-half  horizonal  slope.  There  was  no  treatment  of 
the  bank  above  elevation  630.0.  Details  of  Scheme  6  are  shown  on  Plate  17. 

D.  Costs.  The  Contractor  received  notice  to  proceed  on  1  December  1977 
and  all  work  was  completed  on  7  June  1978.  The  final  contract  cost  was 
$155,534,  which  included  $12,426  in  modifications  and  $12,079  in 
overruns.  The  unit  prices  for  the  contract  included  $26  per  cubic  yard 
for  1540  cubic  yards  of  slag  protection,  $5  per  square  foot  for  2772 
square  feet  of  rubber  tire  wall,  $21  per  cubic  yard  for  2808  cubic  yards 
of  unclassified  excavation,  $3.50  per  square  yard  for  1730  square  yards 
of  filter  fabric,  $3  per  square  yard  for  357  square  yards  of  seeding  and 
mulching,  and  $6.50  each  for  3265  plants. 


The  final  construction  cost  per  linear  foot  and  per  square  foot  for  each 
scheme  was  as  follows: 


SCHEME 

COST  PER 

LINEAR  FOOT 

COST  PER 

SQUARE  FOOT 

1 

$ 

19 

$ 

0.69 

2  (structural) 

$ 

81 

$ 

8.95 

2  (vegetal) 

$ 

12 

$ 

1.44 

3 

$ 

57 

$ 

7.08 

4  (structural) 

$ 

61 

$ 

3.04 

4  (vegetal) 

$ 

17 

$ 

1.45 

5  (structural) 

$ 

102 

$ 

6.37 

5  (vegetal) 

$ 

35 

$ 

1.95 

6 

$ 

43 

$ 

3.56 

The  supervision  and  inspection  cost  was  $11,340  and  the  engineering  and 
design  cos t  was  $32,000. 


IV.  PERFORMANCE  OF  PROTECTION 


A.  Monitoring  Program.  The  Pittsburgh  District  Section  32  monitoring 
program  is  summarized  on  Plate  18.  Instrumentation  at  the  site  compri¬ 
ses  three  piezometers,  installed  as  shown  on  Plate  19,  and  a  staff  gage. 

A  recording  wind  measuring  station  was  installed  at  the  Moundsville, 

W.V.  demonstration  site  located  4  miles  downstream.  Air  temperature  and 
precipitation  are  measured  at  the  Hannibal  and  Pike  Island  navigation 
projects.  The  piezometers  are  read  twice  weekly  and  the  staff  gage  is 
read  daily  on  weekdays  by  a  paid  observer.  Monitoring  inspections  by 
project  designers  have  been  made  on  the  average  once  every  two  months. 
These  inspections  include  visual  observations  and  photographs  taken  from 
fixed  reference  points.  Overbank  cross-sections  were  surveyed  in  July 
1976,  July  1977,  May  1978,  and  April  1981.  The  site  will  be  resectioaed 
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in  April  1983.  Soil  samples  were  taken  at  this  site  in  March  1977  and 
were  tested  for  gradation,  water  content,  Atterberg  limits,  and  agrono¬ 
mic  properties.  Quantitative  leachate  analyses  of  slag  were  made  on 
samples  taken  at  potential  supply  sources  in  January  1975  and  July  1976, 
and  on  samples  taken  from  in-place  bank  protection  in  August  1978  and 
February  1980.  Annual  testing  on  in-place  slag  is  scheduled  through 
1983.  Controlled  vertical  low  level  aerial  photography  was  taken  in  the 
spring  of  1977,  fall  of  1978,  and  spring  and  fall  of  1980.  Low  angle 
oblique  aerial  photography  was  taken  in  the  fall  of  1978  and  the  spring 
of  1979.  Plates  20  and  21  show  vertical  aerial  photographs  of  the  site 
taken  in  September  1978  and  March  1980. 

B.  Evaluation  of  Protection  Performance. 

1.  General.  Erosion  at  the  site  has  been  effectively  retarded  by 
the  protection  schemes,  however,  some  erosion  of  the  upper  bank  has 
occurred  following  episodes  of  high  water.  Vandalism  of  the  bank  pro¬ 
tection  has  been  a  factor  in  performance,  particularly  at  the  Scheme  2 
rubber  tire  wall. 

2.  Scheme  1.  The  18-inch  thick  lower  bank  slag  protection  has  been 
effective  to  the  limit  of  its  placement,  elevation  627.0.  The  absence 
of  a  filter  does  not  seem  to  have  affected  the  performance  of  the  slag 
blanket.  There  has  been  some  recession  of  the  unprotected  bank  above  ele¬ 
vation  627.0,  however,  the  scarp  face  seems  to  be  stabilizing  with 
volunteer  growth  of  trees  sprouting  from  exposed  roots.  The  erosion  of 
the  upper  bank  has  exposed  domestic  rubbish,  broken  bottles,  etc, 
embedded  in  the  bank  soil  which  indicate  that  the  soils  being  eroded  were 
deposited  approximately  50  to  100  years  ago.  Plates  22  and  23  show  pho¬ 
tos  of  Scheme  1. 

3.  Scheme  2.  The  wall  constructed  of  used  automobile  tires  has 
been  stable  since  construction,  providing  effective  protection  from  ero¬ 
sion.  Vandals,  however,  have  achieved  what  nature  could  not.  On 


several  occasions  since  construction  segments  of  the  wall,  ranging  in 
size  from  two  to  twenty  tires,  have  been  laboriously  dismantled. 

District  employees  repaired  some  early  damage,  but,  the  vandalism  has 
outgrown  any  reasonable  hired  labor  repair  effort.  Plate  24  shows 
typical  vandalism  of  the  rubber  tire  wall.  The  top  row  of  tires  was 
filled  with  concrete  soon  after  construction  to  discourage  vandals, 
however,  this  proved  inadequate.  At  the  conclusion  of  the  monitoring 
period,  the  District  will  repair  the  damages  and  seek  some  means  to  pro¬ 
tect  the  wall  from  further  abuse.  The  upper  bank  has  stabilized  well, 
even  though  the  plant  performance  has  not  been  good.  The  two  most  suc¬ 
cessful  plants,  silky  dogwood  and  arrowood  viburnum,  are  rated  in  fair 
condition.  The  companion  grass  (tall  fescue)  seeded  among  the  plants  to 
provide  immediate  erosion  control  has  been  very  vigorous  and  has  effec¬ 
tively  stabilized  the  upper  bank.  The  performance  of  all  the  vegetal 
features  of  the  project  is  summarized  on  Plate  25.  Photos  of  Scheme  2 
are  shorn  on  Plates  26,  27  and  28. 

4.  Scheme.  3.  The  lower  bank  slag  protection  has  been  effective, 
however,  the  one  on  one  upper  bank  slope,  above  elevation  627.0,  is 
apparently  too  steep  for  the  seeded  grasses  to  establish.  High  water 
has  caused  some  loss  of  soil  and  some  exposed,  oversteepened  areas  of 
the  slope.  Photos  of  Scheme  3  are  shown  on  Plates  29,  30  and  31. 

5.  Scheme  4.  The  blanket  of  slag  protection  on  the  lower  bank  has 
effectively  prevented  erosion,  however,  some  minor  displacement  has 
occured  as  a  result  of  individuals  scavenging  for  scrap  steel  among  the 
slag.  On  the  upper  bank,  the  most  successful  plant  is  the  purple  osier 
willow.  The  companion  grass  (tall  fescue)  has  been  effective  in 
controlling  erosion  during  development  of  the  plants.  Plates  32,  33  and 
34  show  photos  of  Scheme  4. 

6.  Scheme  5.  This  scheme  has  been  effective  and,  as  in  Scheme  4, 
has  experienced  some  slag  displacement  due  to  scavenging  for  scrap.  The 
most  successful  plant  is  the  red  osier  dogwood.  Photos  of  Scheme  5  are 
shown  on  Plates  35,  36  and  37. 
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7.  Scheme  6.  The  slag  fill  placed  to  elevation  630  has  been  stable. 
Minor  upper  bank  recession  has  occurred,  although  natural  volunteer 
plant  growth  has  increased  since  construction.  Plates  38  and  39  show 
photos  of  Scheme  6. 

C.  Rehabilitation.  Repairs  of  the  Scheme  2  rubber  tire  wall  will  be 
made  at  the  end  of  the  monitoring  period.  Some  method  of  preventing 
further  vandalism  will  be  sought.  Minor  additional  rehabilitation  work 
on  the  other  schemes  may  be  required  depending  upon  future  performance. 

D.  Summary  of  Findings. 

1.  Structural  Features.  Steel  furnace  slag,  when  placed  in  a 
12-inch  thickness  atop  a  filter  or  in  an  18-inch  thickness  without  a 
filter,  has  been  shown  to  be  effective  in  controlling  erosion  under  the 
severe  hydraulic  conditions  experienced  along  the  outside  of  a  sharp 
river  bend.  Used  automobile  tires  stacked  in  a  staggered  arrangement 
and  filled  with  gravel  have  resisted  erosion,  although  not  vandalism, 
and  have  been  shown  to  be  an  effective  means  of  erosion  control  well 
suited  to  use  by  an  individual  property  owner  with  limited  financial 
means. 


2.  Vegetal  Features.  Of  the  various  grasses,  legumes,  and  shrubs 
employed  at  the  site,  only  three  of  the  shrubs  and  two  of  the  grasses 
have  shown  promise  of  being  effective  as  erosion  control  plants  in  the 
situations  experienced.  The  most  successful  shrubs  are  the  purple  osier 
willow  (sallx  purpurea)  and  red  osier  dogwood  (cornus  slrlcea). 

Arrowood  viburnum  (viburnum  dentatum)  is  nearly  as  effective  showing 
signs  of  new  plants  filling  in  between  the  original  plants.  The  only 
grasses  that  appear  effective  are  the  tall  fescue  (festuca  arundinacea) 
and  reed  canary  grass  (phalaris  arundinacea). 


ELEV  ( N.6.V.D.) 
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MOUNDSVILLE,  WEST  VIRGINIA 


Section  32  Program  Streambank  Erosion  Control 
Evaluation  and  Demonstration  Act  of  1974 


OHIO  RIVER  DOWNSTREAM  OF  MOUND SVILT  E,  WEST  VIRGINIA 
DEMONSTRATION  PROJECT  PERFORMANCE  REPORT 


I.  INTRODUCTION 


A.  Project  Name  and  Location.  Moundsville,  West  Virginia, 

Demonstration  Project,  Ohio  River  -  mile  106,5,  4  miles  downstream 
of  Moundsville,  W.  Va,  Plate  1  shows  the  project  location. 


B.  Authority.  Streambank  Erosion  Control  Evaluation  and  Demonstration 
Act  of  1974,  Section  32,  P.L.  93-251. 


C.  Purpose  and  Scope.  This  report  describes  a  bank  erosion  problem, 
the  types  of  protection  used,  and  a  performance  evaluation  of  a 
demonstration  project  on  the  Ohio  River  designed  and  monitored  by  the 
Pittsburgh  District. 


D.  Problem  Resume.  The  left  bank  of  the  Ohio  River  was  subject  to 
active  erosion  which  was  undercutting  mature  trees  and  was 
encroaching  on  agricultural  land  which  had  been  converted  to  use  as 
a  golf  course.  The  property  owner,  a  non-profit  corporation,  had 
attempted  to  protect  the  bank  using  brick  and  concrete  rubble  with 
limited  success. 


D-2-1 


II.  HISTORICAL  DESCRIPTION 


A.  Stream  Description.  General. 

1.  Topography.  The  Ohio  River  at  the  demonstration  site  drains  an 
area  of  25,500  square  miles  covering  primarily  Pennsylvania  west  of  the 
Allegheny  Mountains  and  extending  into  portions  of  Ohio,  West  Virginia, 
New  York,  and  Maryland.  Major  tributaries  are  the  Allegheny, 
Monongahela,  and  Beaver  Rivers.  The  topography  of  the  basin  is  charac¬ 
terized  by  mature  development  of  the  drainage  systems  within  the 
Allegheny  plateau  physiographic  province.  From  its  origin  at  Pittsburgh 
the  river  descends  90  feet  along  a  course  of  106.5  miles  to  the 
demonstration  site.  Relief  at  the  site  is  approximately  700  feet  from 
the  river  to  the  top  of  the  surrounding  valley  walls.  The  river  flows 
south  at  the  demonstration  site  following  a  sinuous  course  with  curves 
varying  from  45  degrees  to  180  degrees  and  radii  of  1  to  2  miles.  The 
natural  stream  gradient  in  this  area  is  about  0.5  foot  per  mile.  The 
valley  floor  averages  about  0.6  mile  in  width.  Stream  banks  average 
from  17  feet  at  Wheeling  to  several  feet  above  normal  pool  at  the 
Hannibal  Lock  and  Dam.  The  Moundsvllle  demonstration  site  is  near  the 
downstream  end  of  Round  Bottom  which  extends  along  the  river  for  4  miles 
on  the  inside  of  a  sharp  northwestern  bend. 

2.  Geology.  The  Ohio  River  throughout  its  course  along  the  West 
Virginia-Ohio  border  has  become  entrenched  in  sedimentary  strata  of 
Pennsylvanian  and  Lower  Permian  Age.  These  strata  are  made  up  of  inter- 
bedded  sandstones,  siltstones,  clays,  shales,  limestones,  and  coals. 

The  bedrock  valley  of  the  Ohio  River  contains  an  alluvial  fill  of  out- 
wash  from  the  Wisconsin  Continental  Glacier.  In  the  portion  of  the  Ohio 
Valley  within  the  study  area  the  alluvial  fill  is  predominantly  gravel, 
sand  and  gravel,  and  gravelly  sand.  Since  the  last  glacial  episode,  the 
Ohio  River  has  been  cutting  down  through  the  alluvium  with  the  formation 
of  river  terraces  at  various  elevations  in  the  Wisconsin  fill  and  a  well 
defined  flood  plain.  In  the  study  area,  the  Ohio  River  is  still 
underlain  by  the  Wisconsin  alluvial  fill  to  depths  of  35  to  60  feet.  A 
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layer  of  fine  grained  alluvium,  averaging  10  to  30  feet  in  thickness, 
has  been  deposited  on  the  flood  plain  by  inundations  of  Ohio  River 
f loodwaters. 

The  Ohio  River  channel  has  been  shifting  back  and  forth  across  the 
alluvium  which  fills  the  bedrock  valley.  The  channel  is  thus  frequently 
located  asymmetrically  on  one  side  of  the  old  bedrock  valley.  In  these 
areas,  one  bank  consists  of  the  highly  erodible  flood  plain  deposits  and 
the  other  consists  of  rock  out-crops  or  colluvial  soil  which  has  accumu¬ 
lated  through  weathering  and  creep  of  the  hillsides  above.  The  collu¬ 
vial  soils  are  generally  stiff  to  hard  silty  clays  with  angular  rock 
fragments  and  little  or  no  layering.  These  soils  tend  to  resist  erosion 
and  seem  to  erode  at  a  much  slower  rate  than  flood  plain  deposits. 

Round  Bottom,  on  which  the  Moundsville  demonstration  site  is 
located,  is  a  flood  plain  with  bedrock  found  at  elevations  of  558  to  572 
feet.  Test  holes  drilled  for  a  chemical  plant  near  the  demonstration 
site  show  fine  grained  allu.ium  to  depths  of  30  to  40  feet  underlain  by 
sand  and  gravel  to  the  top  of  bedrock. 

3.  Locality,  Development,  and  Occupation.  The  Ohio  River  valley 
in  the  vicinity  of  the  demonstration  site  has  developed  a  diverse 
industrial  character.  Over  the  past  several  decades  most  of  the  broad 
agricultural  bottoms  have  been  acquired  for  industrial  development. 
Within  the  Hannibal  navigation  pool  the  river  valley  contains  several 
large  cities  and  towns,  including  Wheeling,  Moundsville,  and  New 
Martinsville  in  West  Virginia,  and  Martins  Ferry,  Bellaire,  and 
Shadyside  in  Ohio.  Local  industries  include  coal  mining,  steel,  chemi¬ 
cal  and  aluminum  production,  electric  power  generation,  and  a  variety  of 
light  manufacturing.  The  river  is  paralleled  by  railroads  and  highways 
on  both  banks. 

The  Ohio  River  has  been  an  important  transportation  artery  since 
prehistory  and  has  undergone  navigation  improvements  since  1824  when 
Congress  provided  for  removal  of  obstructions  such  as  bars  and  snags. 

For  many  years  river  navigation  was  facilitated  solely  by  open  channel 
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Improvements.  In  addition  to  removal  of  channel  obstructions,  stone 
training  dikes  were  constructed  at  various  bars  in  order  to  constrict 
the  channel  and  increase  the  scour  of  the  river.  The  first  movable  dam 
on  the  Ohio  River  was  located  at  Davis  Island,  4.7  miles  below 
Pittsburgh,  and  opened  to  commerce  October  7,  1885.  A  system  of  locks 
and  movable  dams  was  eventually  constructed  along  the  entire  Ohio  River. 
In  August  1917,  Lock  and  Dam  14  was  put  into  operation  7  miles 
downstream  of  the  demonstration  site.  These  early  dams  Incorporated  a 
navigable  pass  to  provide  a  channel  for  open  river  navigation  during 
periods  of  high  flow.  A  series  of  wickets,  heavy  timber  shutters,  were 
raised  to  impound  water  as  needed  to  maintain  a  navigation  pool.  When 
not  required,  the  wickets  would  lie  flat  at  such  a  depth  as  to  offer  no 
obstruction  to  free  navigation  through  the  pass.  Replacement  of  these 
original  navigation  dams  with  fixed,  gated  structures  having  higher 
lifts  has  been  ongoing.  In  1975,  Hannibal  Locks  and  Dam  went  into  full 
operation  and  Locks  and  Dams  12,  13  and  14  were  removed. 

4.  Hydrologic  Characteristics.  The  Ohio  River  valley  in  the  vicinity  of 
the  demonstration  site  is  subject  to  a  continental  climate  with  high  and 
low  temperature  extremes  of  95  degrees  to  105  degrees  F.,  and  -15 
degrees  to  -25  degrees  F.  The  mean  annual  temperature  averages  50 
degrees  F.  The  growing  season  extends  from  late  April  to  mid-October. 
Normal  annual  precipitation  Is  approximately  40  inches  per  year.  The 
flood  of  record  occurred  in  March  1936  with  a  maximum  discharge  of 
450,000  c.f.s.  in  the  vicinity  of  the  demonstration  site.  This  flow 
exceeded  the  500-year  flood  and,  at  the  demonstration  site,  overtopped 
the  bank  by  12  feet.  A  stage  frequency  curve  is  shown  on  Plate  2.  A 
one-year  flood  hydrograph  is  shown  on  Plate  3. 

5.  Existing  Channel  Conditions.  The  sinuosity  of  the  channel  was 
described  in  paragraph  II. A. 1.  The  channel  location  has  been  relatively 
stable  within  historical  time.  A  discharge  rating  curve  for  the  river 
at  the  site  location  is  shown  on  Plate  2, 
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6.  Environmental  Considerations.  A  minor  amount  of  farming  is 
practiced  in  the  few  remaining  undeveloped  portions  of  the  river  valley. 
This  is  being  accomplished  under  lease  from  the  industries  in  the  area 
who  own  these  properties  and  are  reserving  them  for  future  expansion  of 
facilities.  The  steep  hillsides  adjacent  to  the  valley  floor  are  pri¬ 
marily  undeveloped  and  consist  of  second  growth  woodlands.  Within  the 
flood  plain,  vegetation  associated  with  farming  and  frequent  site 
disturbance  prevails.  Along  the  river  bottom  land,  silver  maple  and 
sycamore  occur  most  frequently,  while  elm,  cottonwood,  buckeye  and 
willow  are  present  with  somewhat  reduced  representation.  On  the  hillsi¬ 
des  and  in  areas  of  greater  stability  above  ordinary  high  water,  oaks, 
beech,  red  maple,  ash,  black  cherry  and  walnut  exist.  Timber  stands 
adjacent  to  the  river  are  generally  of  low  quality  because  of  physical 
damage  caused  by  ice  and  floating  debris  during  high  water.  Nails,  spi¬ 
kes,  eye  bolts,  cables  and  physical  damage  from  river  traffic  are  also 
evident  in  many  specimens. 

Both  fish  and  wildlife  resources  of  significance  are  found  in  the 
project  area.  Fishes  include  such  species  as  channel  catfish,  carp, 
spotted  bass,  largemouth  bass,  smallmouth  bass,  white  bass,  pumpkinseed, 
bluegill,  white  crappie,  shiners,  perch,  skipjacks,  gizzard  shad  and 
golden  redhorse.  Excellent  warm-water  fisheries  have  developed  at  or 
near  the  mouths  of  several  of  the  tributary  streams.  Wildlife  resources 
also  include  a  variety  of  species.  Mourning  doves,  bobwhite  quail  and 
cottontail  rabbits  are  present  in  the  agricultural  areas,  while  ruffed 
grouse  and  squirrels  inhabit  the  uplands.  White-tailed  deer  are  present 
in  the  adjacent  uplands  and  also  range  into  the  valley.  The  Ohio  River 
also  provides  resting  and  feeding  opportunities  for  several  species  of 
migratory  waterfowl.  Muskrat,  mink,  raccoon  and  fox  are  some  of  the  fur 
animals  in  the  area. 

This  reach  of  the  river,  as  with  the  entire  Ohio  in  general,  is 
exposed  to  various  types  of  pollution  which  tend  to  affect  aquatic  life 
and  generally  detract  from  the  aesthetic  value  of  the  river.  Excessive 
amounts  of  organic  matter,  chemicals,  sediment  and  colloidal  particles 
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contribute  to  the  relatively  poor  water  quality,  with  seasonal 
variations  experienced  as  a  result  of  changes  in  flow  and  temperature. 

The  use  of  steel  furnace  slag  in  demonstration  schemes  which  specify 
structural  protection  may  also  result  in  a  level  of  water  quality  degra¬ 
dation  commensurate  with  the  bulk  chemical  content  of  the  slag  and  the 
availability  of  its  chemical  constituents  to  the  Ohio  River  as  a  result 
of  leaching  and  weathering.  Fines  may  also  enter  the  Ohio  River  as  a 
result  of  slag  erosion. 

Plate  4  provides  a  comparison  of  results  leachability  tests  per¬ 
formed  on  slag  used  at  the  demonstration  site  with  Ohio  River  water 
quality  near  the  Moundsville  site  and  relevant  water  quality  criteria 
and  standards. 

7.  Environmental  Effects.  During  the  proposed  work,  disturbance  of 
the  river  bed  and  bank  would  result  in  temporary,  construction-related 
increases  in  turbidity  and  suspended  matter  in  the  Ohio  River  downstream 
of  the  project  site,  which  would  be  confined  to  an  approximate  45-day 
construction  period.  Grading  and  recontouring  of  the  bank  slope  would 
result  in  the  loss  of  established  herbaceous  and  woody  vegetation  and 
exposure  of  disturbed  soil  to  river  currents  and  weathering.  Filter 
cloth  matting  would  aid  in  the  retention  of  exposed  soil  prior  to  reve¬ 
getation.  The  use  of  air-cooled  basic  oxygen  furnace  slag  in  schemes 
which  specify  structural  protection  may  result  in  a  level  of  water 
quality  degradation  commensurate  with  the  bulk  chemical  content  of  the 
slag  and  the  availability  of  its  chemical  constituents  to  the  Ohio  River 
as  a  result  of  leaching  and  weathering.  However,  the  quantities  of  slag 
involved,  weathering  and  aging  of  the  slag  surface  and  gradual  revegeta¬ 
tion  would  tend  to  minimize  the  level  of  chemical  constituents  leached 
from  the  slag.  The  required  excavations  would  diminish  habitat  diver¬ 
sity  within  the  riverine  littoral  region  and  along  the  protected  shore¬ 
line,  but  would  not  result  in  the  loss  of  significantly  productive 
shallow  water  habitat  or  aquatic  or  terrestrial  cover  necessary  to 
sustain  a  locally  diverse  fish  or  wildlife  population. 


Both  short  and  long-term  benefits  would  accrue  as  a  result  of  the 
proposed  action:  (1)  One  or  more  optimum  designs  of  bank  protection 
would  be  determined  as  a  result  of  periodic  monitoring  and  studies  of 
the  relative  durability  of  the  various  demonstration  project  schemes. 
(2)  The  proposed  demonstration  project  schemes  may  collectively  relieve 
the  acute  bank  erosion  problem  at  each  of  the  proposed  test  sites. 


Demonstration  Project. 


i.  Hydrologic  Characteristics.  Hydrographs  for  the  demonstration 
site  are  shown  on  Plates  5  and  6.  Channel  cross-sections  are  shown  on 
Plate  7.  The  river  channel  in  the  vicinity  of  the  demonstration  site 
has  been  subject  to  commercial  sand  and  gravel  dredging  at  various  times 
in  the  past.  Ice  formation  in  the  project  area  becomes  significant  only 
during  unusually  severe  winters.  Ice  movement  is  not  a  factor  in  bank 
erosion  at  the  site. 


2.  Hydraulic  Characteristics.  Velocity  distributions  through  the 
test  reach  for  a  range  of  flow  conditions  are  shown  on  Plate  8.  Twenty 
discharge  measurements  (649  velocity  observations)  were  made  for  flows 
between  12,000  cfs  and  104,000  cfs.  These  observations  were  analyzed  by 
linear  regression  and  found  to  agree  with  a  District  Computational 
Method^  within  1/4  foot  per  second  81%  of  the  time.  From  this  it  can 
be  assumed  that  prototype  velocities  can  be  reliably  approximated  with  a 
minimum  of  field  verification.  This  rationale  will  be  used  at  other 
sites,  where  possible,  due  to  the  difficulty,  danger,  and  expense  of 
obtaining  boat  measurement.  Average  river  velocities  at  the  site  for 
given  discharges  are  as  follows: 


y  Seventeenth  Congress  of  the  International  Association  for  Hydraulic 
Research,  paper  C-18,  "Determination  of  Approach  Velocities  for  Pre¬ 
liminary  Siting  of  Navigation  Structures,”  1977  Baden-Baden. 


D-2-7 


Discharge 

Frequency  of  Occurrence 

Average  Velocity 

(  cf  8  ) 

(years) 

(fps) 

20,000 

0.8 

100,000 

3.6 

220,000 

6.0 

283,000 

10 

6.6 

384,000  (1972 

flood) 

6.7 

398,000 

100 

7.7 

Piezometers  were  installed  at  the  demonstration  site  and  monitored  twice 
per  week.  Plate  9  shows  the  piezometer  locations  and  Plates  10  and  11 
are  plots  of  the  piezometric  levels  and  the  river  stage.  Wave  action 
was  observed  visually  under  various  wind  and  traffic  conditions.  The 
maximum  observed  wave  height  was  approximately  one  foot  and  was  induced 
by  traffic  during  low  flow  conditions.  The  minimum  pool  elevation  is 
maintained  at  elevation  623  by  the  operation  of  Hannibal  Locks  and  Dam, 
20  miles  downstream.  Flows  are  controlled  by  eight  gated  bays,  each  110 
feet  long,  and  a  110-foot  long  fixed  weir  section.  The  dam  gates  are 
raised  to  pass  high  flows,  so  that  the  influence  of  the  dam  on  the  river 
decreases  with  increasing  flow.  At  the  demonstration  site  the  influence 
of  the  dam  during  floods  is  insignificant.  Prior  to  the  completion  of 
the  Hannibal  Project  in  1975  the  river  at  the  demonstration  site  was 
maintained  at  minimum  pool  elevation  610.5  by  Lock  and  Dam  14.  The 
operation  of  the  wicket  type  dams  is  described  in  paragraph  II. A. 3. 

3.  Riverbank  Description.  The  riverbank  at  the  demonstration  site 
is  composed  of  fine  grained  alluvian  deposited  by  past  flood  events  in  a 
thinly  interbedded  structure  of  fine  sands,  silts,  and  clays.  Plate  12 
shows  the  logs  of  the  borings  made  for  the  installation  of  piezome¬ 
ters.  The  landward  area  is  planted  with  grass  and  is  mowed  to  within 
several  feet  of  the  top  of  bank.  A  few  mature  trees  grow  near  the  top 
of  bank  along  the  demonstration  reach. 

Erosion  at  the  site  is  episodic  with  the  majority  of  bank  loss 
occurring  during  or  immediately  following  periods  of  high  water.  The 
primary  erosion  mechanisms  at  this  site  are  sloughing  and  piping 
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followed  by  removal  of  the  disturbed  soil  by  river  flows.  Sloughing  is 
the  stability  failure  of  a  block  of  bank  soil  that  results  from  satura¬ 
tion  during  high  water  and  the  related  pore  pressure  and  weight  increase 
following  the  subsequent  drawdown.  Piping  is  the  development  of  cavi¬ 
ties  in  the  bank  face  resulting  from  groundwater  seepage  concentrating 
in  the  more  permeable  sandy  layers  in  the  bank.  The  passage  of  water 
along  these  layers  tends  to  remove  individual  particles  of  granular 
material  at  the  face  of  the  bank,  in  turn  removing  support  for  overlying 
materials. 

Erosion  at  the  site  was  brought  to  the  attention  of  the  District  in 
April  1971,  well  before  the  establishment  of  the  Hannibal  pool.  The 
site  was  converted  from  agriculture  to  a  golf  course  in  the  sixties. 
Although  erosion  conditions  while  under  agricultural  use  are  unknown, 
the  change  in  land  use,  with  its  attendant  changes  in  site  grading, 
vegetation,  and  drainage  may  have  contributed  to  the  instability  of  the 
bank.  Plate  13  shows  the  condition  of  the  bank  prior  to  the  demonstra¬ 
tion  project. 


III.  DESIGN  AND  CONSTRUCTION 


A.  General.  The  Moundsville  site  presented  the  opportunity  to  evaluate 
different  schemes  of  bank  protection  along  a  relatively  uniform  reach  of 
river  located  with  good  landward  access  and  where  erosion  had  been  a 
chronic  problem.  Six  schemes  were  designed  to  compare  varying  com¬ 
binations  of  structural  and  vegetal  methods  of  bank  protection. 

B.  Basis  for  Design.  The  structural  features  were  a  series  of 
variations  on  the  conventional  stone  bank  protection  design  used  by  the 
District  at  that  time.  Steel  furnace  slag  was  used  in  lieu  of  stone 
because  it  is  an  economical,  locally  available  material.  The  slag  is  a 
durable  high  density  by-product  of  the  basic  oxygen  or  electric  furnace 
steel  making  processes  and  should  not  be  confused  with  lighter  density 
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blast  furnace  slag.  The  slag  is  graded  into  various  sizes  by  the 
suppliers  for  sale  as  highway  materials,  railroad  ballast,  or  fill 
material.  The  size  range  used  for  bank  protection  includes  a  varying 
percentage  of  refractory  brick  from  ladle  or  furnace  linings.  The 
refractory  material  is  a  durable  and  angular  component  of  the  bank  pro¬ 
tection.  Where  a  filter  was  placed  between  the  slag  protection  and  the 
underlying  soil,  a  woven  polypropylene  filter  fabric  was  used.  The 
vegetal  features  included  a  variety  of  shrubs,  legumes,  and  grasses 
planted  or  seeded  in  subsections  within  each  scheme  of  protection.  The 
plants  were  chosen  on  the  basis  of  recommendations  from  other  agencies, 
findings  in  the  literature,  and  District  experience.  In  addition  to  the 
protection  constructed  by  the  District,  the  project  incorporated  a 
560-foot  long  reach  of  building  rubble  previously  placed  as  bank  protec¬ 
tion  by  the  property  owner. 

C.  Construction  Details 

1.  Scheme  1 .  This  330-foot  reach  of  protection  was  constructed  by 
excavating  the  bank  to  a  one  vertical  on  two  horizontal  minimum  slope 
and  placing  an  8-inch  minimum  thickness  of  graded  steel  furnace  slag 
from  the  pool  elevation,  el.  623,  to  elevation  626  atop  filter  fabric. 
From  elevation  626  to  the  top  of  slope  various  shrubs  were  planted  on  a 
2-foot  grid  spacing  through  a  biodegradable  erosion  control  mat.  The 

8 lag  was  well  graded  between  2  and  12  inches.  Details  of  Scheme  1  are 
shown  on  Plate  14. 

2.  Scheme  2.  Scheme  2  is  350  feet  long  and  was  constructed  in  the 
same  manner  as  Scheme  1  except  that  the  slag  protection  was  placed  to  a 
greater  height  on  the  slope,  elevation  628,  and  the  upper  slope  was 
seeded  with  legumes  and  grasses.  Two  different  toe  configurations  were 
placed.  Details  of  Scheme  2  are  shown  on  Plate  15. 

3.  Scheme  3.  This  scheme,  also  350  feet  long,  was  varied  from 
Scheme  2  by  increasing  the  thickness  of  the  slag  protection  from  8 
inches  to  12  inches.  The  slope  above  elevation  628  was  seeded  and  two 
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different  toe  configurations  were  placed.  See  Plate  16  for  details  of 
Scheme  3. 

4.  Scheme  4.  Scheme  4  is  300  feet  long  and  was  constructed  as  a 
purely  vegetal  form  of  bank  protection.  The  bank  was  excavated  to  a  one 
vertical  on  two  horizontal  slope  and  planted  with  various  shrubs  on  a 
2-foot  grid  spacing.  The  shrubs  were  planted  through  filter  fabric  from 
the  pool  elevation,  el.  623,  to  elevation  628,  and  through  a  biodegra¬ 
dable  erosiion  control  mat  from  elevation  628  to  the  top  of  slope.  See 
Plate  17  for  details  of  Scheme  4. 

5.  Scheme  5 .  Scheme  5  was  constructed  along  a  400-foot  reach  with 
combined  structural  and  vegetal  features.  From  elevation  622,  one  foot 
below  pool,  to  elevation  626  the  bank  is  protected  with  an  18-inch  mini¬ 
mum  thickness  of  slag  well  graded  between  2  and  18  inches  in  size.  The 
slag  was  placed  without  a  filter.  From  elevation  626  to  the  top  of  the 
slope  a  variety  of  shrubs  were  planted  on  a  2-foot  grid  spacing  through 
a  biodegradable  erosion  control  mat.  The  upper  bank  was  graded  to  a  one 
vertical  on  one  and  one-half  horizontal  minimum  slope  prior  to  placement 
of  the  protection.  Plate  18  shows  details  of  Scheme  5. 

6.  Scheme  6.  Scheme  6,  also  400  feet  long,  was  constructed  in  the 
same  manner  as  Scheme  5  except  that  the  slag  protection  was  placed  to 
elevation  628  and  the  upper  bank  slope  was  graded  to  a  one  on  one  slope 
and  seeded  with  legumes  and  grasses.  See  Plate  19  for  details  of  Scheme 
6. 

D.  Costs.  The  contractor  received  notice  to  proceed  on  20  October  1976 
and  the  final  inspection  was  held  on  17  May  1977.  The  final  contract 
cost  was  $113,335  with  no  modifications.  The  unit  prices  for  the 
contract  included  $10  per  cubic  yard  for  3,800  cubic  yards  of 
unclassified  excavation,  $25  per  cubic  yard  for  1,500  cubic  yards  of 
slag  protection,  $4  per  square  yard  for  1,800  square  yards  of  filter 
cloth,  $5  each  for  6,677  plants,  and  $4  per  square  yard  for  1,500  squ¬ 
are  yards  of  seeding  and  mulching.  The  final  construction  cost  per 
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linear  foot  and  per  square  foot  of  protection  for  each  scheme  was  as 
follows: 


Scheme 

Cost  per 

Linear  Foot 

Cost  per 

Square  Foot 

1  (structural) 

$28 

$4.04 

1  (vegetal) 

$25 

$2.10 

2 

$37 

$3.38 

3 

$50 

$4.52 

4 

$76 

$3.03 

5  (structural) 

$28 

$3.56 

5  (vegetal) 

$31 

$1.11 

6 

$39 

$3.00 

The  supervision  and  inspection  cost  was  $15,050  and  the  engineering  and 
design  cost  was  $32,300. 


IV.  PERFORMANCE  OF  PROTECTION 


A.  Monitoring  Program.  The  Pittsburgh  District  Section  32  monitoring 
program  is  summarized  on  Plate  20.  Instrumentation  at  the  site  compri¬ 
ses  three  piezometers,  installed  as  shown  on  Plate  21,  a  recording  wind 
measuring  device,  and  a  staff  gage.  The  recording  wind  measuring 
device,  a  model  S.A.  451-2,  Mark  III,  was  installed  in  December  1977  and 
was  removed  during  1980  because  of  damage.  Plate  22  shows  a  wind  rose 
depicting  the  directional  percent  of  time  at  the  site.  The  three 
highest  average  speeds  were: 

4.8  miles  per  hour  from  NNW  direction 

4.5  miles  per  hour  from  SSE  direction 

3.9  miles  per  hour  from  N  direction 


The  lowest  average  speed  was  1.1  mph  from  due  east  while  the  due 
west  velocity,  in  the  direction  of  the  bank  protection,  was  2.6  mph. 

Air  temperature  and  precipitation  are  measured  at  the  Hannibal  and  Pike 
Island  navigation  projects.  The  piezometers  are  read  twice  weekly  and 
the  staff  gage  is  read  twice  daily  by  a  paid  observer.  Monitoring 
inspections  by  project  designers  have  been  made  on  the  average  once 
every  two  months.  These  inspections  include  visual  observations  and 
photographs  taken  from  fixed  reference  points.  Overbank  cross-sections 
were  surveyed  before  construction,  in  July  1976,  in  April  1977  near  the 
end  of  construction,  and  in  June  1979.  The  site  will  be  resectioned  in 
April  1982.  Soil  samples  were  taken  at  the  site  in  March  1977  and  were 
tested  for  gradation,  water  content,  Atterberg  limits,  and  agronomic 
properties.  Quantitative  leachate  analyses  of  slag  were  made  on  samples 
taken  at  potential  supply  sources  in  January  1975  and  July  1976,  and  on 
samples  taken  from  in-place  bank  protection  in  August  1978  and  February 
1980.  Further  testing  of  in-place  slag  is  scheduled  for  1981,  1982,  and 
1983.  Controlled  vertical  low  level  aerial  photography  was  taken  in  the 
spring  of  1977,  fall  of  1978,  and  spring  and  fall  of  1980.  Low  angle 
oblique  aerial  photography  was  taken  in  the  fall  of  1978  and  the  spring 
of  1979.  Plates  23  and  24  show  vertical  aerial  photographs  of  the  site 
taken  In  September  1978  and  March  1980. 

B.  Evaluation  of  Protection  Performance. 

1.  General.  After  several  episodes  of  high  water,  an  erosion 
scarp  began  to  develop  at  approximate  elevation  631  in  the  vegetated 
upper  bank  slope  along  the  entire  reach  of  the  project.  Apparently,  the 
river  rises  to  this  elevation  sufficiently  often,  with  an  approximate 
one-year  recurrence  interval,  to  produce  a  marked  change  in  the  bank 
slope  protected  with  shrubs  and  grasses  having  only  a  single  growing 
season  to  establish.  Over  the  monitoring  period,  some  areas  of  vegetal 
protection  have  developed  sufficiently  to  retard  the  progression  of  the 
scarp  while  in  others  the  scarp  has  progressed  to  over  5  feet  high  and 
is  approaching  the  top  of  bank. 
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An  improper  construction  technique  caused  problems  with  the  perform¬ 
ance  of  the  lower  bank  protection  features.  The  project  design  called 
for  achieving  the  minimum  slopes  through  excavation  of  the  original 
eroded  bank  face.  On  the  basis  of  project  performance  and  observations 
during  construction,  it  appears  that  much  of  the  project  was  constructed 
by  excavation  of  the  upper  bank  slope  and  filling  of  the  lower  bank  slope 
with  loose  soil  from  the  cut  above.  Early  in  the  monitoring  period  all 
of  the  lower  slope  structural  features  showed  varying  degrees  of 
distress  due  to  the  settlement  of  slag  protection  placed  atop  loose  soil 
fill.  In  Scheme  4,  with  no  structural  protection,  rapid  erosion  of  the 
lower  slope  exposed  piles  of  shale  and  concrete  rubble,  the  results  of 
earlier  protection  efforts.  These  were  to  have  been  removed  prior  to 
grading  the  slope,  but  were  instead  covered  by  soil  cut  from  the  slope 
above.  The  failure  and  reconstruction  of  Scheme  4  is  described  in 
greater  detail  below. 

2.  Scheme  1.  The  8-inch  thick  lower  bank  slag  protection  has  been 
generally  effective  to  the  limit  of  its  placement,  elevation  626.  Areas 
of  settlement  at  the  toe  have  caused  localized  oversteepening,  shifting 
of  the  slag,  and  consequent  exposure  of  the  underlying  filter  cloth.  In 
some  of  these  areas  the  filter  cloth  has  bulged  and  split,  resulting  in 
gaps  in  the  protection.  There  are  four  such  areas  with  the  largest 
being  10  feet  in  lateral  extent.  The  upper  bank  exhibits  a  moderate 
advance  of  the  high  water  erosion  scarp  described  above.  The  Red  Osier 
Dogwood  has  shown  the  best  performance  of  the  shrubs  in  Scheme  1  with 
90%  of  the  planted  section  growing  and  the  plants  in  excellent  con¬ 
dition.  The  least  successful  is  the  speckled  alder  with  5%  of  the 
planted  section  growing  and  the  plants  in  poor  condition.  The  perfor¬ 
mance  of  all  the  vegetal  features  of  the  project  is  summarized  on  Plate 
25.  Sequential  photos  of  Scheme  1  are  shown  on  Plates  26,  27  and  28. 

3.  Rubble  Zone.  Much  of  the  building  rubble  placed  by  the  pro¬ 
perty  owner  was  common  brick  which  deteriorated  rapidly  under  exposure 
to  the  elements.  Top  of  bank  recession  has  continued  slowly  through  the 
monitoring  period  along  most  of  this  zone.  Plates  29  and  30  show  photos 
of  the  rubble  zone. 
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4.  Scheme  2.  The  8-inch  thick  lower  bank  protection  placed  to 
elelvation  628  has  been  effective  and  has  not  shown  distress  due  to  the 
settlement  as  in  Scheme  1.  Although  marked  by  the  high  water  erosion 
scarp,  the  upper  bank  is  relatively  stable.  The  reed  canarygrass  and 
crown  vetch  have  shown  the  best  growth;  however,  the  crown  vetch  has 
taken  over  or  is  invading  almost  all  sections  of  the  upper  bank.  Photos 
of  Scheme  2  are  shown  on  Plates  31  and  32. 

5.  Scheme  3.  The  12-inch  thick  lower  bank  protection  has  been 
effective,  although  filter  cloth  has  been  exposed  in  two  areas, 
apparently  due  to  the  toe  settlement  problem.  The  largest  of  these 
areas  grew  to  15  feet  in  lateral  extent  and  was  rehabilitated  with  addi¬ 
tional  slag  at  the  time  Scheme  4  was  reconstructed.  The  upper  bank 
slope  is  relatively  stable.  The  seed  mixtures  containing  reed 
canarygrass  and  crown  vetch  have  performed  the  best.  As  in  Scheme  2, 
the  crown  vetch  has  taken  over  or  is  invading  most  areas  of  the  upper 
bank.  Photos  of  Scheme  3  are  shown  on  Plates  33,  34  and  35. 

6.  Scheme  4.  The  lower  slope  of  this  scheme,  protected  only  with 
plantings  failed  within  a  year  after  construction.  As  explained  in 
paragraph  IV.B.l,  the  construction  practice  of  excavating  the  upper 
slope  and  filling  the  lower  slope  resulted  in  a  slope  constructed  par¬ 
tially  of  loose  disturbed  material.  By  the  fall  of  1977,  bulging  at  the 
toe  and  stretching  of  the  filter  cloth  on  the  lower  slope  was  obvious. 
The  bulging  was  caused  by  soil  eroded  from  the  slope  accumulating  at  the 
burled  toe  of  the  filter  cloth  and  remaining  trapped  there.  Through  the 
remainder  of  1977  and  early  1978  the  filter  cloth  continued  to  bulge 
riverward  at  the  toe  and  pull  away  from  the  bank  at  the  top. 

Photographs  on  Plates  36  and  37  show  the  deterioration  of  the  slope.  By 
May  1978,  sufficient  filter  cloth  was  pulled  free  from  the  slope  to 
reveal  severe  erosion  of  the  lower  slope  along  most  of  the  reach  of 
Scheme  4.  The  erosion  was  characterized  by  an  8  to  20  foot  long  slope 
of  IV:5H  or  flatter,  extending  from  the  water's  edge  to  the  toe  of  a  3 
to  5  foot  high  scarp  varying  in  slope  between  1:1  and  near  vertical. 

The  reconstruction  performed  in  the  summer  of  1978  will  be  detailed  in 


• 

paragraph  IV. C.  The  reconstructed  lower  slope  has  been  effective.  On 

the  planted  upper  slope  the  Purple  Osier  Willow  and  the  Red  Osier 

Dogwood  have  performed  the  best  with  80%  of  the  planted  section  growing 

for  each.  The  lowbush  blueberry  is  the  least  successful  with  only  20%  # 

of  the  planted  section  growing. 

7.  Scheme  5.  The  lower  slope  slag  protection  of  this  scheme  has 

performed  effectively.  Some  signs  of  toe  settlement  appeared  within  a  • 

year  of  construction  but  have  since  stabilized.  The  lack  of  a  filter 
has  not  been  deterimental  to  the  performance  of  this  relatively  thick 
slag  protection.  The  upper  bank  erosion  has  reached  its  greatest  deve¬ 
lopment  in  this  scheme  with  a  maximum  scarp  height  of  5  to  6  feet.  The  • 

Red  Osier  Dogwood  shows  the  best  growth  while  the  speckled  alder  shows 
the  worst  with  90%  and  10%  of  the  planted  sections  growing  respectively. 

Photos  of  Scheme  5  are  shown  on  Plates  38,  39  and  AO. 

i 

• 

8.  Scheme  6.  The  lower  bank  slag  protection  has  been  effective. 

As  in  Scheme  5,  the  absence  of  a  filter  has  not  been  detrimental.  The 
seeded  upper  bank  with  a  steep  one  on  one  slope  has  been  susceptible  to 
erosion  during  high  water.  Upper  bank  erosion  is  less  severe  than  in  • 

Scheme  5.  Overall  performance  of  the  legumes  and  grasses  has  been 

inferior  to  the  other  schemes.  Crown  vetch  has  been  the  roost  successful 
specie  and  is  invading  other  sections  of  the  bank.  Photos  of  Scheme  6 
are  shown  on  Plates  41,  42  and  43.  In  April  1979  a  downstream  bound  tow  • 

ran  aground  within  the  limits  of  Scheme  6.  The  left  front  barge  of  the 
tow  mounted  the  bank  diagonally  causing  displacement  of  slag  protection 
and  the  upper  bank  soil  along  a  reach  of  140  feet.  The  result  was  a 
ramp-like  feature  traversing  the  bank.  Upper  bank  vegetation  healed  • 

itself  within  one  growing  season.  The  slag  protection  was  significantly 
damaged  over  a  reach  of  30  to  35  feet. 

C.  Rehabilitation.  The  rehabilitation  of  Scheme  4  was  done  between  17  • 

July  and  7  August  1978  as  a  supplement  to  the  initial  construction 

contract  at  a  cost  of  $29,518.  The  repaired  configuration  consists  of 

a  sand  and  gravel  fill  to  the  original  IV: 2H  slope  protected  by  an  18- 

inch  thick  blanket  of  graded  steel  furnace  slag  with  a  12-inch  maximum  • 


size.  The  protection  has  a  toe  buried  one  foot  below  minimum  pool  and 
extends  to  elevation  633,  ten  feet  above  pool.  Plates  44  and  45  show  a 
cross-section  and  photographs  of  the  rehabilitation. 

At  the  conclusion  of  the  monitoring  period  some  additional 
rehabilitation  will  be  performed  in  the  areas  of  filter  cloth  exposure 
and  barge  damage. 

D.  Summary  of  Findings. 

1.  Structural  Features.  Steel  furnace  slag  has  been  shown  to  be 
an  effective  substitute  for  natural  stone  as  graded  bank  protection.  A 
12-inch  thick  layer  with  a  filter  beneath  is  the  minimum  coverage  on  a 
IV: 2H  slope  that  will  perform  reliably  under  the  grading  and  placement 
tolerances  expected  in  normal  construction  practice.  An  18-inch  thick 
placement  of  graded  slag  without  an  underlying  filter  was  shown  to  be 
effective  on  steeper  slopes.  The  height  of  structural  protection  on  a 
bank  slope  should  be  at  least  equal  to  the  river  stage  with  a  one-year 
recurrence  interval  as  demonstrated  by  the  upper  bank  erosion  at  this 
site.  The  grading  technique  and  the  resulting  toe  settlement  problem  at 
this  site  show  that  it  can  be  more  effective  to  have  a  contractor  place 
a  free  draining  fill  to  achieve  minimum  slopes  than  to  excavate  the  in- 
situ  soil.  In  addition,  a  sand  and  gravel  fill  provides  an  effective 
filter  to  permit  drainage  without  loss  of  soil  fines. 

2.  Vegetal  Features.  The  upper  bank  erosion  experienced  at  this 
site  shows  that  plant  shoots  and  seeding  do  not  develop  sufficiently  in 
one  growing  season  to  protect  a  riverbank  exposed  to  high  water.  Red 
Osier  Dogwood  (Cornus  sericea)  and  Crownvetch  (Coronilla  varia 
’’Penngift”)  were  the  most  successful  plants  as  shown  by  their  develop¬ 
ment  through  the  monitoring  period.  It  should  be  noted,  however,  that 
heavy  weed  growth  in  some  sections  may  have  hindered  other  plants  from 
succeeding.  Thick  stands  of  Bull  Thistle  (Cirisum  vulgane)  and  Pokeweed 
(Phytolacca  americana)  completely  crowded  out  some  test  plants. 


i  other  plants  registered  a  relatively  high  score  In  eva- 
.y  Red  Osier  Dogwood  and  crown  vetch  showed  the  ability  to 
seds  and  '’fill-in”  between  the  original  plants. 
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SCHEME  6 

MOUNDSVILLE,  W.VA. 
SITE 

OHIO  RIVER 


PLATE  19 


D-2-37 


PARAMETER 


ITEM 


FREQUENCY 


GEOMETRY 

1.  Cverbank  crossections  from  baseline 
to  50  ft.  riverward  of  water's  edge  at 

50  ft.  intervals 

Biyearly 

2.  Pull  channel  crossections 

Cnee 

3.  Ground  photos  from  fixed  reference 
points 

Monthly 

4.  Controlled  vertical  low  level 
aerial  photos 

Annual 

CLIMATE 

1.  Air  temp.,  precip.,  wind  direction  & 
velocity  (weather  station) 

Continuous 

2.  Ice  conditions,  snow  cover  noted 
from  visual  observations 

As  available 

HYDRAULICS 

1.  River  stage  record  from  staff  gage 

Twice  daily 

at  sta.  16+45 

by  observer 

2.  Velocity  measurements 

3  times 

A.  Total  River  Width:  Observations 

(at  low,  med 

across  at  0.2,  0.6,  0.8  and  depth 
w/directional  meter  w/at  least  30 
verticals  to  be  taken  at  sta.  1+00,  3+00, 
8+00,  14+00,  18+00,  22+00,  26+00,  and  29+00 

B.  Bank:  Observations  out  from  bank  3  ft., 

6  ft.,  10  ft.,  25  ft.,  and  50  ft.  at  sta. 
1+00,  3+00,  4+50,  6+00,  8+00,  10+00,  12+00, 
14+00,  16+00,  18+00,  20+00,  22+00,  24+00, 
26+00 

high  flows) 

3.  River  traffic  (though  observation 
and  lock  records) 

As  available 

STREAM- 

1.  Monitor  dimensional  changes  of  marked 

Monthly 

BANK 

structural  &  vegetal  units  through  photos 

PROTECTION 

A  manual  measurements 

2.  Observe  durability  of  marked  units  of 
structural  material  (qualitative) 

Monthly 

3.  Observe  condition  of  marked  plants 

Monthly 

4.  Record  Initiation  and  measure  progres¬ 
sion  of  failures  in  bank  protection 

Monthly 

GEOLOGY  AND 

1.  Material  properties  testing 

Annual 

SOILS 

2.  Observation  of  groundwater  level 
piezometers  (3) 

Semi-weekly 

MONITORING  PROGRAM 
MOUNDSVILLE, W.  VA. 
SITE 

OHIO  RIVER 


PLATE  20 


■TOP  OF  OROUNO  EL.  63S.3 


■  TOP  OF  GROUND  EL.  GS4.S 


I7S-M-S  i  TIP  EL.  018.9 


“teaus* 


7  8  —  M  - 1  IHl  T I P  EL.  628.4  ~ 


7B-M-2  IIITIP  EL.  417.4 


OHIO  Rivca 
NANXI8AL  fool 

tUV.IIVO 


BOTTOM  OF  HOLE  EL.SSS.4 


NOT  TO  SCALE 


1-1/2“  STANOARO  OALV.  PIPE  3/4"  SCHEDULE 
S’  LONS  {T.O.E.I  SO  PVC  PIPE  ** 

-  TOP  OF  SROUHO 


GROUT  TO  TOP  OF  OROUNO 
(APPROX.  II*)  POROUS  STONE  PIEZOMETER 

l-l/2“0.0.  n.O.  24“  LORO  - 
3/4*  SCHEDULE  SO  PVC  PIPE 


BENTONITE  SEAL 
(APPROX.  4') 


POROUS 

STONE  PIEZOMETER 
1-1/2“  0.0.  I*  1.0  “ 

24*  LONO 


OTTAWA  SAND 
(APPROX.  4.S'1 

POROUS  STONE  PIEZOMETER 
I—  1/2  *  0.0.  1*1.0,  24“  LONS 

4*  DIA.  HOLE 
BOTTOM  OF  HOLE 


4*  STANDARD  SALV.  PIPE 
S'  LONS  (T.O.E.) 
r—  TOP  OF  SROUNO 

SNOUT  TO  TOP  OF  SROUNO 
(APPROX.  2. S') 

.  BENTONITE  SEAL 
(APPROX.  4.*) 

OTTAWA  SAND 
(APPROX.  4') 

BENTONITE  SEAL 
(APPROX.  4. S') 

(APPROX.  5. 8') 


4  DIA.  HOLE 
BOTTOM  OF  HOLE 


SINGLE 


DOUBLE 

PIEZOMETER  DETAILS 

NOT  TO  SCALE 

PIEZOMETER  INSTALLATION 

MOUNDSVILLE,  W.VA. 
SITE 

OHIO  RIVER 
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DIRECTIONAL  PERCENT  OF  TIME 


MOUNDS  VILLE  COUNTRY  CLUB  (JAN.  79 -APR. 80) 
GREATER  PITTSBURGH  I.A.P.  ( 1945-1965) 


WINO  ROSE 
MOUNDSVILLE,  W.  VA. 
SITE 

OHIO  RIVER 


PLATE  22 
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PLATE  24 


date  planted  mat  tt 

CURRENT  DATE  MAY  *0 


Lower  half  washed  out 


Overrun  with  weeds 


Withstood  erosion  well 


Withstandin 


Crown  Vetch  invodina  area 


Completlv  taken  over  -Vetch 
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Eroded  down  bank 
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ISame  as  above 
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Bod  slids 


COMPARATIVE  VALUE  RATIONALE .  IN  OROER  TO  OIVE  EACH  PLANTED  SECTION  A  VALUE  TO  INDICATE  THE 
OEGREE  OP  PLANT  SUCCESS,  THE  VALUES  LISTED  IN  COLUMNS  4,SII  ARE  CONOINEO  TO  FORMA  TOTAL 
COMPARATIVE  VALUE  AS  SHOWN  IN  COLUMN  7.  A  COMPARATIVE  VALUE  OP  300  IS  MAXIMUM.  A  VALUE 
OP  0  IS  MINIMUM,  INDICATINO  PLANT  PAILURC  IN  ALL  CATEOORIES. 

THE  VALUE  OP  COLUMN  4  IS  EQUAL  TO  THE  PERCENT  SHOWN,  ANO  REPRESENTS  THE  PERCENT  OF  THE 
SECTION  COVERED  RY  PLANTS. 

COLUMN  3  VALUES:  EXCEPTIONAL  INCREASE  OR  VERT  GOOD  GERMINATION  100 

INCREASE  OR  0000  GERMINATION- -  76 

SAME  OR  POOR  GERMINATION  -  SO 

DECREASE  OR  VERY  POOR  GERMINATION  -  2S 

SLA N R  SPACE  OR  O  -  0 


COLUMNS  VALUES  E  X  <E  X  CELLE  N  T  ) - 

GOOO  - 
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•  LANK  SPACE  OR  0 


PLANT  MATERIAL  EVALUATION 

MOUNDSVILLE,  WVA. 
SITE 

OHIO  RIVER 


PLATE  25 
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PLATE  27 


AERIAL  VIEW 
15  MAY  1979 


LOOKING  DOWNSTREAM 
FROM  STATION  5+00 
8  APRIL  1980 


LOOKING  DOWNSTREAM 
FROM  STATION  5+00 
3  DECEMBER  1980 


RUBBLE  ZONE  PHOTOS 
MOUNDSVILLE ,  W.VA. 
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LOOKING  UPSTREAM  FROM 

STATION  13+00 

8  APRIL  1980 

LOOKING  UPSTREAM  FROM 

STATION  13+00 

3  DECEMBER  1980 

SCHEME  2  PHOTOS 
MOUNDS VILLE,  W.  VA. 
SITE 

OHIO  RIVER 

PLATE  32 


D-2-50 


IIJ 


PLATE  35 


LOOKING  UPSTREAM 
FROM  STATION  19+50 
6  JUNE  1977 


-ila/  i 


LOOKING  UPSTREAM  FROM  STATION  23+50 
29  APRIL  1977 


SCHEME  5  PHOTOS 
MOUNDS VI LLE,  W.  VA. 
SITE 

OHIO  RIVER 


PLATE  38 


LOOKING  UPSTREAM 
FROM  STATION 
22+75 

30  SEPTEMBER  1977 


LOOKING  UPSTREAM  FROM 
STATION  22+75 
24  MARCH  1978 


SCHEME  5  PHOTOS 
MOUNDS VI LLE,  W.  VA. 
SITE 

OHIO  RIVER 


PLATE  39 


DURING  CONSTRUCTION 
LOOKING  UPSTREAM  FROM 
STATION  27+50 
10  DECEMBER  1976 


LOOKING  UPSTREAM  FROM 
STATION  27+50 
6  JUNE  1977 


SCHEME  6  PHOTOS 
MOUNDSVILLE ,  W.  VA. 
SITE 

OHIO  RIVER 


PLATE  41 


PLATE  43 
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SCHEME  4 
RECONSTRUCTION 
MOUNDSVILLE,  W.  VA. 
SITE 

OHIO  RIVER 


PLATE  44 
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SCHEME  4  RECONSTRUCTION  PHOTOS 
MOUNDSVILLE ,  W.  VA. 

SITE 

OHIO  RIVER 


PLATE  45 
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Section  32  Program  Streambank  Erosion  Control 
Evaluation  and  Demonstration  Act  of  1974 


OHIO  RIVER  AT  POWHATAN  POINT,  OHIO 
DEMONSTRATION  PROJECT  PERFORMANCE  REPORT 

I.  INTRODUCTION 

A.  Project  Name  and  Location:  Powhatan  Point,  Demonstration  Project, 
Ohio  River  -  mile  109.8.  Plate  1  shows  the  project  location. 

B.  Authority.  Streambank  Erosion  Control  Evaluation  and  Demonstration 
Act  of  1974,  Section  32,  P.L.  93-251. 

C.  Purpose  and  Scope.  This  report  describes  a  bank  erosion  problem, 
the  types  of  protection  used,  and  a  performance  evaluation  of  a 
demonstration  project  on  the  Ohio  River  designed  and  monitored  by  the 
Pittsburgh  District. 

D.  Problem  Resume.  The  right  bank  of  the  Ohio  River  immediately 
downstream  of  the  mouth  of  Captlna  Creek  was  subject  to  active  erosion 
that  was  encroaching,  in  varying  degrees,  on  28  residential  and  small 
commercial  properties. 


II.  HISTORICAL  DESCRIPTION 

A.  Stream  Description,  General. 

1.  Topography .  The  Ohio  River  at  the  demonstration  site  drains 

an  area  of  25,500  square  miles  covering  primarily  Pennsylvania  west  of 
the  Allegheny  Mountains  and  extending  into  portions  of  Ohio,  West 
Virginia,  New  York,  and  Maryland.  Major  tributaries  are  the  Allegheny, 
Monongahela,  and  Beaver  Rivers.  The  topography  of  the  basin  is  charac¬ 
terized  by  mature  development  of  the  drainage  systems  within  the 
Allegheny  plateau  physiographic  province.  From  its  origin  at  Pittsburgh 
the  river  descends  90  feet  along  a  course  of  109.8  miles  to  the 
demonstration  site.  Relief  at  the  site  is  approximately  700  feet  from 
the  river  to  the  top  of  the  surrounding  valley  walls.  The  river  flows 
south  at  the  demonstration  site  following  a  sinuous  course  with  curves 


varying  from  45  degrees  to  180  degrees  and  radii  of  1  to  2  miles.  The 
natural  stream  gradient  in  this  area  is  about  0.5  foot  per  mile.  The 
valley  floor  averages  about  0.6  of  a  mile  in  width.  Stream  bank  heights 
average  from  17  feet  at  Wheeling  to  several  feet  above  normal  pool  at 
the  Hannibal  Lock  and  Dam.  The  Powhatan  Point  demonstration  site  is 
near  the  middle  of  a  narrow  alluvium  terrace  which  extends  along  the 
river  for  3  miles  on  the  inside  of  a  shallow  southeastern  bend. 

2.  Geology.  The  Ohio  River  throughout  its  course  along  the  West 
Virginia-Ohio  border  has  become  entrenched  in  sedimentary  strata  of 
Pennsylvanian  and  Lower  Permian  Age.  These  strata  are  made  up  of  inter- 
bedded  sandstones,  slltstones,  clays,  shales,  limestones,  and  coals. 

The  bedrock  valley  of  the  Ohio  River  contains  an  alluvial  fill  of 
outwash  from  the  Wisconsin  Continental  Glacier.  In  the  portion  of  the 
Ohio  Valley  within  the  study  area,  the  alluvial  fill  is  predominantly 
gravel,  sand  and  gravel,  and  gravelly  sand.  Since  the  last  glacial 
episode,  the  Ohio  River  has  been  cutting  down  through  the  alluvium  with 
the  formation  of  river  terraces  at  various  elevations  in  the  Wisconsin 
fill  and  a  well  defined  flood  plain.  In  the  study  area,  the  Ohio  River 
is  still  underlain  by  the  Wisconsin  alluvial  fill  to  depths  of  35  to  60 
feet.  A  layer  of  fine  grained  alluvium,  averaging  10  to  30  feet  in 
thickness,  has  been  deposited  on  the  flood  plain  by  inundations  of  Ohio 
River  floodwaters. 

The  Ohio  River  channel  has  been  shifting  back  and  forth  across  the 
alluvium  which  fills  the  bedrock  valley.  The  channel  is  thus  frequently 
located  asymmetrically  on  one  side  of  the  old  bedrock  valley.  In  these 
areas,  one  bank  consists  of  the  highly  erodible  flood  plain  deposits  and 
the  other  consists  of  rock  out-crops  or  colluvial  soil  which  has  accumu¬ 
lated  through  weathering  and  creep  of  the  hillsides  above.  The  collu¬ 
vial  soils  are  generally  stiff  to  hard  silty  clays  with  angular  rock 
fragments  and  little  or  no  layering.  These  soils  tend  to  resist  erosion 
and  seem  to  erode  at  a  much  slower  rate  than  flood  plain  deposits. 


The  alluvial  flood  plain  on  which  the  Powhatan  Point  site  is  located  is 
about  60  to  70  feet  thick.  Water  wells  drilled  near  the  demonstration 
site  show  fine  grained  alluvium  to  depths  of  30  to  AO  feet  underlain  by 
sand  and  gravel  to  the  top  of  bedrock. 

3.  Locality,  Development,  and  Occupation.  The  Ohio  River  valley 
in  the  vicinity  of  the  demonstration  site  has  developed  a  diverse 
industrial  character.  Over  the  past  several  decades  most  of  the  broad 
agricultural  bottoms  have  been  acquired  for  industrial  development. 
Within  the  Hannibal  navigation  pool  the  river  valley  contains  several 
large  cities  and  towns,  including  Wheeling,  Moundsville,  and  New 
Martinsville  in  West  Virginia,  and  Martins  Ferry,  Bellaire,  and 
Shadyside  in  Ohio.  Local  industries  include  coal  mining,  steel,  chemi¬ 
cal  and  aluminum  production,  electric  power  generation,  and  a  variety  of 
light  manufacturing.  The  river  is  paralleled  by  railroads  and  highways 
on  both  banks. 

The  Ohio  River  has  been  an  Important  transportation  artery  since  pre¬ 
history  and  has  undergone  navigation  improvements  since  1824  when 
Congress  provided  for  removal  of  obstructions  such  as  bars  and  snags. 

For  many  years  river  navigation  was  facilitated  solely  by  open  channel 
Improvements.  In  addition  to  removal  of  channel  obstructions,  stone 
training  dikes  were  constructed  at  various  bars  in  order  to  constrict 
the  channel  and  Increase  the  scour  of  the  river.  The  first  movable  dam 
on  the  Ohio  River  was  located  at  Davis  Island,  4.7  miles  below 
Pittsburgh,  and  opened  to  commerce  October  7,  1885.  A  system  of  locks 
and  movable  dams  was  eventually  constructed  along  the  entire  Ohio  River. 
In  August  1917,  Lock  and  Dam  14  was  put  into  operation  4  miles 
downstream  of  the  demonstration  site.  These  early  dams  Incorporated  a 
navigable  pass  to  provide  a  channel  for  open  river  navigation  during 
periods  of  high  flow.  A  series  of  wickets,  heavy  timber  shutters,  were 
raised  to  Impound  water  as  needed  to  maintain  a  navigation  pool.  When 
not  required,  the  wickets  would  lie  flat  at  such  a  depth  as  to  offer  no 
obstruction  to  free  navigation  through  the  pass.  Replacement  of  these 


original  navigation  dams  with  fixed,  gated  structures  having  higher 
lifts  has  been  ongoing.  In  1975,  Hannibal  Locks  and  Dam  went  into  full 
operation  and  Locks  and  Dams  12,  13  and  14  were  removed. 

4.  Hydrologic  Characteristics.  The  Ohio  River  valley  in  the 
vicinity  of  the  demonstration  site  is  subject  to  a  continental  climate 
with  high  and  low  temperature  extremes  of  95  degrees  to  105  degrees  F., 
and  -15  degrees  to  -25  degrees  F.  The  mean  annual  temperature  averages 
50  degrees  F.  The  growing  season  extends  from  late  April  to  mid- 
October.  Normal  annual  precipitation  is  approximately  40  inches  per 
year.  The  flood  of  record  occurred  in  March  1936  with  a  maximum 
discharge  of  450,000  c.f.s.  in  the  vicinity  of  the  demonstration  site. 
This  flow  exceeded  the  500— year  flood  and,  at  the  demonstration  site, 
overtopped  the  bank  by  12  feet.  A  stage  frequency  curve  is  shown  on 
Plate  2.  A  one-year  flood  hydrograph  is  shown  on  Plate  3. 

5.  Existing  Channel  Conditions.  The  sinuosity  of  the  channel  was 
described  in  paragraph  II.A.l.  The  channel  location  has  been  relatively 
stable  within  historical  time.  A  discharge  rating  curve  for  the  river 
at  the  site  location  is  shown  on  Plate  2. 

6.  Environmental  Considerations.  A  minor  amount  of  farming  is 
practiced  in  the  few  remaining  undeveloped  portions  of  the  river  valley. 
This  is  being  accomplished  under  lease  from  the  industries  in  the  area 
who  own  these  properties  and  are  reserving  them  for  future  expansion  of 
facilities.  The  steep  hillsides  adjacent  to  the  valley  floor  are  pri¬ 
marily  undeveloped  and  consist  of  second  growth  woodlands.  Within  the 
flood  plain,  vegetation  associated  with  farming  and  frequent  site 
disturbance  prevails.  Along  the  river  bottom  land,  silver  maple  and 
sycamore  occur  most  frequently,  while  elm,  cottonwood,  buckeye  and 
willow  are  present  with  somewhat  reduced  representation.  On  the  hillsi¬ 
des  and  in  areas  of  greater  stability  above  ordinary  high  water,  oaks, 
beech,  red  maple,  ash,  black  cherry  and  walnut  exist.  Timber  stands, 
adjacent  to  the  river,  are  generally  of  low  quality  because  of  physical 


damage  caused  by  ice  and  floating  debris  during  high  water.  Nails,  spi¬ 
kes,  eye  bolts,  cables  and  physical  damage  from  river  traffic  are  also 
evident  in  many  specimens. 

Both  fish  and  wildlife  resources  of  significance  are  found  in  the  pro¬ 
ject  area.  Fishes  include  such  species  as  channel  catfish,  carp,  spotted 
bass,  largemouth  bass,  smallmouth  bass,  white  bass,  pumpkinseed, 
blueglll,  white  crappie,  shiners,  perch,  skipjacks,  gizzard  shad  and 
golden  redhorse.  Excellent  warm-water  fisheries  have  developed  at  or 
near  the  mouths  of  several  of  the  tributary  streams.  Wildlife  resources 
also  include  a  variety  of  species.  Mourning  doves,  bobwhite  quail  and 
cottontail  rabbits  are  present  in  the  agricultural  areas,  while  ruffed 
grouse  and  squirrels  Inhabit  the  uplands.  White-tailed  deer  are  present 
in  the  adjacent  uplands  and  also  range  into  the  valley.  The  Ohio  River 
also  provides  resting  and  feeding  opportunities  for  several  species  of 
migratory  waterfowl.  Muskrat,  mink,  raccoon  and  fox  are  some  of  the  fur 
animals  in  the  area. 

This  reach  of  the  river,  as  with  the  entire  Ohio  in  general,  is  exposed 
to  various  types  of  pollution  which  tend  to  affect  aquatic  life  and 
generally  detract  from  the  aesthetic  value  of  the  river.  Excessive 
amount  of  organic  matter,  chemicals,  sediment  and  colloidal  particles 
contribute  to  the  relatively  poor  water  quality,  with  seasonal 
variations  experienced  as  a  result  of  changes  in  flow  and  temperature. 

The  use  of  steel  furnace  slag  in  demonstration  schemes,  which  specify 
structural  protection,  may  also  result  in  a  level  of  water  quality 
degradation  commensurate  with  the  bulk  chemical  content  of  the  slag  and 
the  availability  of  its  chemical  constituents  to  the  Ohio  River  as  a 
result  of  leaching  and  weathering.  Fines  may  also  enter  the  Ohio  River 
as  a  result  of  slag  erosion.  Plate  4  provides  a  comparison  of  results 
of  leachablllty  tests  performed  on  slag  used  at  the  demonstration  site 
with  Ohio  River  water  quality  near  the  Powhatan  Point  site  and  relevant 
water  quality  criteria  and  standards. 
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7.  Environmental  Effects*  During  the  proposed  work,  disturbance  of 
the  river  bed  and  bank  would  result  in  temporary,  construction-related 
increases  in  turbidity  and  suspended  matter  in  the  Ohio  River  downstream 
of  the  project  site,  which  would  be  confined  to  an  approximate  45-day 
construction  period.  Grading  and  recontouring  of  the  bank  slope  would 
result  in  the  loss  of  established  herbaceous  and  woody  vegetation  and 
exposure  of  disturbed  soil  to  river  currents  and  weathering.  Filter 
cloth  matting  would  aid  in  the  retention  of  exposed  soil  prior  to  reve¬ 
getation.  The  use  of  air-cooled  basic  oxygen  furnace  slag  in  schemes 
which  specify  structural  protection  may  result  in  a  level  of  water 
quality  degradation  commensurate  with  the  bulk  chemical  content  of  the 
slag  and  the  availability  of  its  chemical  constituents  to  the  Ohio  River 
as  a  result  of  leaching  and  weathering.  However,  the  quantities  of  slag 
involved,  weathering  and  aging  of  the  slag  surface  and  gradual  revegeta¬ 
tion  would  tend  to  minimize  the  level  of  chemical  constituents  leached 
from  the  slag.  The  required  excavations  would  diminish  habitat  diver¬ 
sity  within  the  riverine  littoral  region  and  along  the  protected  shore¬ 
line,  but  would  not  result  in  the  loss  of  significantly  productive  shallow 
water  habitat  or  aquatic  or  terrestrial  cover  necessary  to  sustain  a 
locally  diverse  fish  or  wildlife  population. 

Both  short  and  long-term  benefits  would  accrue  as  a  result  of  the  pro¬ 
posed  action:  (1)  One  or  more  optimum  designs  of  bank  protection  would 
be  determined  as  a  result  of  periodic  monitoring  and  studies  of  the 
relative  durability  of  the  various  demonstration  project  schemes.  (2) 

The  proposed  demonstration  project  schemes  may  collectively  relieve  the 
acute  bank  erosion  problem  at  each  of  the  proposed  test  sites. 


B.  Demonstration  Project. 

1.  Hydrologic  Characteristics.  Hydrographs  for  the  demonstration 
site  are  shown  on  Plate  5.  Channel  cross-sections  are  shown  on  Plate  6. 
The  river  channel  in  the  vicinity  of  the  demonstration  site  has  been 
subject  to  commercial  sand  and  gravel  dredging  at  various  times  in  the 


past.  Ice  formation  In  the  project  area  becomes  significant  only  during 
unusually  severe  winters.  Ice  movement  Is  not  a  factor  In  bank  erosion 
at  the  site. 


2.  Hydraulic  Characteristics.  Velocity  distribution  measurements 
were  made  at  the  Moundsville  demonstration  site  and  were  found  to  agree 
with  the  District  computational  method  within  1/4  foot  per  second  81 
percent  of  the  time.  From  field  observation  the  velocity  distributions 
at  the  Powhatan  Point  site  can  be  assumed  to  be  almost  Identical  to 
those  at  the  Moundsville  site.  Average  river  velocities  at  the  site  for 
given  discharges  are  as  follows: 


Discharge 

Frequency  of  Occurrence 

Average  Velocity 

(cf  s) 

(years) 

(fps) 

20,000 

0.7 

100,000 

3.2 

220,000 

5.5 

283,000 

10 

5.9 

348,000  (1972  flood) 

6.1 

398,000 

100 

6.8 

Wave  action  was  observed  visually  under  various  wind  and  traffic  con¬ 
ditions.  The  maximum  observed  wave  height  was  approximately  one  foot 
and  was  induced  by  traffic  during  low  flow  conditions.  The  minimum  pool 
elevation  is  maintained  at  elevation  623  by  the  operation  of  Hannibal 
Locks  and  Dam  17  river  miles  downstream.  Flows  are  controlled  by  eight 
gated  bays,  each  110  feet  long,  and  110-foot  long  fixed  weir  section. 

The  dam  gates  are  raised  to  pass  high  flows,  so  that  the  Influence  of 
the  dam  on  the  river  decreases  with  increasing  flow.  At  the  demonstra¬ 
tion  site  the  Influence  of  the  dam  during  floods  is  insignificant. 

Prior  to  the  completion  of  the  Hannibal  Project  in  1975  the  river  at  the 
demonstration  site  was  maintained  at  minimum  pool  elevation  610.5  by 
Lock  and  Dam  14.  The  operation  of  the  wicket  type  dams  is  described  in 
paragraph  I I. A. 3. 


3.  Riverbank  Description.  The  riverbank  at  the  demonstration  site 
is  roughly  bisected  by  an  inactive  concrete  ferry  ramp  and  is  charac¬ 
terized  by  a  relatively  shallow  sloping  bank  upstream  of  the  ramp  and  a 
high  steep  bank  downstream.  The  bank  is  composed  of  fine  grained  allu¬ 
vium  deposited  by  past  flood  events  in  a  thinly  interbedded  structure  of 
fine  sands,  silts,  and  clays.  In  many  areas  the  riverbank  and  beach  is 
overlain  by  coal  mine  waste  and  other  random  fills  in  varied  past 
attempts  at  encroachment  or  protection.  The  riverbank  soils  in  two 
typical  areas  are  delineated  on  Plate  7.  The  area  immediately  landward 
of  the  top  of  bank  is  relatively  flat  and  serves  chiefly  as  backyards. 

It  ranges  in  width  from  a  few  feet  to  about  40  feet  between  the  resident 
and  commercial  structures  and  the  top  of  bank. 

Erosion  at  the  site  is  episodic  with  the  majority  of  bank  loss  occurring 
during  or  Immediately  following  periods  of  high  water.  The  primary  ero¬ 
sion  mechanisms  at  this  site  are  sloughing  and  piping  followed  by  remo¬ 
val  of  the  disturbed  soil  by  river  flows.  Sloughing  is  the  stability 
failure  of  a  block  of  bank  soil  that  results  from  saturation  during  high 
water  and  the  related  pore  pressure  and  weight  Increase  following  the 
subsequent  drawdown.  Piping  is  the  development  of  cavities  in  the  bank 
face  resulting  from  groundwater  seepage  concentrating  in  the  more  per¬ 
meable  sandy  layers  in  the  bank.  The  passage  of  water  along  these 
layers  tends  to  remove  individual  particles  of  granular  material  at  the 
face  of  the  bank,  in  turn  removing  support  for  overlying  materials. 

The  District  has  been  aware  of  erosion  at  this  site  since  the  late  six¬ 
ties.  Formal  complaints  from  the  Village  of  Powhatan  Point  began  in  May 
1975,  two  months  before  the  third  and  final  increment  of  rise  of  the  new 
Hannibal  pool  to  elevation  623.0  and  one  month  after  the  second  incre¬ 
ment  of  rise  to  elevation  617.8  Plate  7  and  8  shows  the  condition  of 
the  bank  prior  to  the  demonstration  project. 


III.  DESIGN  AND  CONSTRUCTION 


A.  General. 


The  Powhatan  Point  site  presented  the  opportunity  to  evaluate  different 
schemes  of  bank  protection  along  a  reach  of  variable  topography.  Five 
of  the  six  schemes  used  were  designed  to  fit  the  variations  in  bank  con¬ 
figuration  with  only  a  minimum  of  alteration  to  the  original  ground  sur¬ 
face.  Only  in  scheme  five,  where  structural  and  vegetal  features  of 
protection  were  combined,  was  the  rlverbank  altered  to  fit  the  design. 

B.  Basis  for  Design.  The  structural  features  included  a  rubber  tire 
wall  and  blanket  and  a  series  of  variations  on  the  conventional  stone 
bank  protection  design  used  by  the  District  at  that  time.  Steel  furnace 
slag  was  used  in  lieu  of  stone  because  it  is  an  economical,  locally 
available  material.  The  slag  is  a  durable  high  density  by-product  of 
the  basic  oxygen  or  electric  furnace  steel  making  processes  and  should 
not  be  confused  with  lighter  density  blast  furnace  slag.  The  slag  Is 
graded  into  various  sizes  by  the  suppliers  for  sale  as  highway 
materials,  railroad  ballast,  or  fill  material.  The  size  range  used  for 
bank  protection  includes  a  varying  percentage  of  refractory  brick  from 
ladle  or  furnace  linings.  The  refractory  material  is  a  durable  and 
angular  component  of  the  bank  protection.  Where  a  filter  was  placed 
between  the  slag  protection  and  the  underlying  soil,  a  graded  sand  and 
gravel  filter  was  used.  The  rubber  tire  wall  was  constructed  with  used 
automobile  tires  placed  In  staggered  lifts  and  filled  with  gravel.  The 
rubber  tire  blanket,  also  composed  of  used  automobile  tires  was  lashed 
together  in  a  mat  formation  and  laid  over  the  surface  of  the  beach 
extending  from  the  toe  of  the  tire  wall  to  below  normal  pool  elevation. 
This  labor  intensive  scheme,  using  a  common  discarded  material,  was 
Included  in  the  project  because  it  is  feasible  for  use  by  small  property 
owners  with  limited  financial  resources.  The  vegetal  features,  used 
only  in  scheme  five  included  one  shrub  species  and  one  variety  of  grass 
seed  planted  on  a  prepared  cut  slope  above  the  tire  wall.  Originally 


three  varieties  of  shrubs  were  chosen  on  the  basis  of  recommendations 
from  other  agencies,  findings  in  the  literature,  and  District 
experience,  however  at  the  time  of  construction  only  one  was  available. 

C.  Construction  Details. 

1.  Scheme  1 .  This  356-foot  reach  of  protection  was  constructed  by 
placing  a  6-inch  minimum  thickness  of  graded  sand  and  gravel  filter 
material  beneath  a  one-foot  thickness  of  graded  steel  furnace  slag.  The 
top  of  slag  protection  is  at  elevation  628.0  while  the  top  of  toe  of  the 
slag  protection  is  at  pool  elevation  (el.  623.0).  The  protection  was 
placed  on  the  original  ground  surface  at  approximately  a  one  vertical  to 
a  minimum  1-1/2  horizontal  slope.  The  filter  material  was  graded  bet¬ 
ween  3-inches  and  a  number  100  sieve.  The  slag  was  graded  between 
2-inches  and  12-inches.  Details  of  scheme  1  are  shown  on  Plate  9. 

2.  Scheme  2.  Scheme  2  is  285  feet  long  and  was  constructed  in 
the  same  manner  as  scheme  1  except  that  the  toe  of  protection  was 
trenched  into  the  beach  to  elevation  621.0.  Details  of  scheme  2  are 
shown  on  Plate  10. 

3.  Scheme  3.  Scheme  3  is  500  feet  long  and  consists  of  a  2-foot 
minimum  thickness  of  slag  protection  on  a  slope  of  one  vertical  to  a 
minimum  of  one  horizontal.  The  protection  was  placed  without  a  filter 
and  without  altering  the  original  ground  surface.  The  protection 
extends  from  elevation  630.0  to  elevation  621.0.  See  Plate  11  for 
details. 

4.  Scheme  4.  Scheme  4  is  240  feet  long  and  was  varied  from 
scheme  3  by  placing  slag  protection  from  elevation  627.0  to  elevation 
622.0  on  a  slope  of  one  vertical  to  a  minimum  of  two  horizontal. 

Details  of  scheme  4  are  shown  on  Plate  12. 


5.  Scheme  5.  Scheme  5  was  constructed  along  a  115-foot  reach  with 
combined  structural  and  vegetal  features.  The  structural  features 
included  a  combined  automobile  tire  wall  and  blanket.  The  wall  con¬ 
sisted  of  tires  stacked  in  a  staggered  arrangement  with  each  tier  set 
back  one  foot  from  the  tier  below  and  every  other  tier  anchored  with 
3-foot  long  U-shaped  steel  reinforcement  bars.  The  wall  extended  from 
elevation  623.5  to  elevation  628.0.  Sand  and  gravel  was  used  as  a  tire 
fill  and  as  a  backfill.  The  tire  blanket,  extending  to  the  pool  from 
the  toe  of  the  tire  wall,  consisted  of  a  tire  mat  structure  one  tire 
thick  and  6  tires  wide.  The  blanket,  with  a  plastic  woven  filter  cloth 
beneath,  was  placed  on  the  beach  surface  and  lashed  together  by  nylon 
rope  and  anchored  with  3-foot  long  U-shaped  steel  reinforcement  bars. 

The  tires  and  interstices  between  were  filled  with  sand  and  gravel. 

Above  the  tire  wall,  the  riverbank  was  excavated  to  a  one  vertical  on 
two  horizontal  slope,  and  seeded  and  planted  with  a  Silky  Dogwood  shrub 
on  a  2-foot  grid  spacing.  The  shrubs  were  planted  through  a  biodegra¬ 
dable  erosion  control  fabric  and  extended  from  the  top  of  the  tire  wall 
at  elevation  628.0  to  the  top  of  the  bank  at  approximate  elevation 
636.0.  Details  of  scheme  5  are  shown  on  Plate  13. 

6.  Scheme  6.  Scheme  6  is  500  feet  long  and  consists  of  a  dike¬ 
like  structure  of  steel  furnace  slag  placed  along  the  beach  at  a 
distance  of  at  least  12  feet  riverward  from  the  face  of  the  bank.  The 
structure  is  3  feet  to  5  feet  high  with  a  riverward  slope  of  one  ver¬ 
tical  on  one  and  a  half  horizontal  and  a  landward  slope  of  one  vertical 
on  one  horizontal.  The  top  of  the  structure,  fixed  at  elevation  625.0, 
has  a  minimum  width  of  one  foot.  Details  of  Scheme  6  are  shown  on  Plate 


D.  Costs.  The  contractor  received  notice  to  proceed  on  15  October 
1978  and  completed  the  work  on  6  February  1979.  The  final  contract  cost 
was  $121,529  which  Included  four  modifications  totaling  $5,092.  The 
unit  prices  included  $22  per  cubic  yard  for  380  cubic  yards  of 
unclassified  excavation,  $37  per  cubic  yard  for  1,810  cubic  yards  of 
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slag  protection,  $30  per  cubic  yard  for  255  cubic  yards  of  graded  filter 
material,  $8  per  square  foot  for  540  square  feet  of  rubber  tire  wall, 
$8.90  per  square  foot  for  1,550  square  feet  of  rubber  tire  blanket,  $7 
apiece  for  944  plants,  and  $2  per  square  yard  for  230  yards  of  seeding. 
The  final  construction  cost  per  linear  foot  and  per  square  foot  for  each 
scheme  was  as  follows: 


COST  PER 

COST  PER 

SCHEME 

LINEAR  FOOT 

SQUARE  FOOT 

1 

$  51 

$  2.11 

2 

$  50 

$  2.95 

3 

$  59 

$  2.95 

4 

$  39 

$  3.03 

5  (Structural) 

$208 

$17.36 

5  (Vegetal) 

$  57 

$  7.18 

6 

$  15 

$  2.91 

The  supervision  and  Inspection  cost  was  $10,300  and  the  engineering  and 
design  cost  was  $44,800. 

IV.  PERFORMANCE  OF  PROTECTION 

A.  Monitoring  Program.  The  Pittsburgh  District  Section  32  monitoring 
program  is  summarized  on  Plate  15.  Instrumentation  at  the  site  was 
limited  to  a  staff  gage  that  is  read  twice  daily  by  a  paid  observer. 

Air  temperature  and  precipitation  are  measured  at  the  Hannibal  and  Pike 
Island  navigation  projects.  Monitoring  inspections  by  project  designers 
have  been  made  on  the  average  once  every  two  months.  These  Inspections 
Include  visual  observations  and  photographs  taken  from  fixed  reference 
points.  Overbank  cross-sections  were  surveyed  before  construction,  in 
July  1976,  in  July  1977  and  just  before  the  end  of  construction  in 
November  1978.  The  site  will  be  resectioned  in  April  1982.  Soil 
samples  were  taken  at  the  site  in  March  1977  and  were  tested  for  grada- 


tion,  water  content,  Atterberg  limits,  and  agronomic  properties. 
Quantitative  leachate  analyses  of  slag  were  made  on  samples  taken  at 
potential  supply  sources  in  January  1975  and  July  1976,  and  on  samples 
taken  from  inplace  bank  protection  in  February  1980.  Further  testing  of 
in-place  slag  is  scheduled  for  1981,  1982,  and  1983.  Controlled  ver¬ 
tical  low  level  aerial  photography  was  taken  in  the  spring  of  1977,  fall 
of  1978,  and  the  spring  and  fall  of  1980.  Low  angle  oblique  aerial  pho¬ 
tography  was  taken  in  the  fall  of  1978.  Plates  16  and  17  show  vertical 
aerial  photographs  of  the  site  taken  in  September  1978  and  March  1980. 

B.  Evaluation  of  Protection  Performance. 

\ 

1.  General.  Overall  project  performance  has  been  effective  since 
construction.  All  six  schemes  have  substantially  reduced  the  severity 
of  erosion  from  that  which  occurred  before  the  project.  Erosion  that 

,  has  occurred  along  the  project  reach  has  been  limited  to  the  bank  above 

the  protection.  During  the  completion  phase  of  construction,  the  pro¬ 
ject  experienced,  in  a  two  month  period,  three  high  waters  that  exceeded 
the  one-year  frequency  flood.  The  upper  bank  erosion  that  resulted  from 

^  this  unusual  occurrence  has  been  the  most  significant  loss  to  date. 

2.  Scheme  1  and  Scheme  2.  The  slag  of  both  schemes  has  shown  no 
signs  of  displacement  or  deterioration.  The  toe  protection  of  both 

|  remains  intact  and  no  advantage  to  either  design  can  yet  be  determined. 

The  upper  bank  exhibits  a  small  advance  of  the  high  water  erosion  scarp 
that  existed  prior  to  slag  protection  placement.  Sequential  photos  of 
Scheme  1  are  shown  on  Plates  18  and  19  and  of  Scheme  2  on  Plates  20  and 

i  21. 

3.  Scheme  3  and  Scheme  4.  The  slag  protection  of  these  two 
schemes  have  performed  effectively.  The  lack  of  filter  has  not  been 

i  detrimental  to  the  performance  of  the  relatively  thick  layer  of  protec¬ 

tion.  The  upper  bank  of  Scheme  3,  which  is  composed  mostly  of  coal 
refuse  fill,  has  been  subjected  to  continued  erosion  from  overbank 


« 
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drainage  and  sloughing  of  portions  oversteepened  by  preproject  lower 
bank  erosion.  The  Scheme  4  upper  bank,  which  extends  from  elevation 
627,  has  suffered  from  all  three  high  waters  of  early  1979.  Although  a 
local  gas  line  was  exposed  in  the  process,  the  extent  of  erosion  has 
been  minor.  Photos  of  Schemes  3  and  4  can  be  seen  on  Plates  22,  23,  24, 
and  25. 

4.  Scheme  5.  Of  all  the  schemes,  only  the  reach  of  Scheme  5 
offered  the  opportunity  to  change  the  bank  configuration  to  fit  the 
scheme  design.  Alterations  to  the  upper  bank  within  the  reach  of  the 
first  four  schemes  was  prevented  by  features  landward  form  the  top  of 
bank,  while  the  reach  of  Scheme  6  lacked  easements  above  ordinary  high 
water  (627.1  NGVD) . 

The  Scheme  5  rubber  tire  wall  and  blanket,  with  a  laid  back  and  vege¬ 
tated  upper  bank,  has  remained  intact  and  stable  since  construction, 
providing  effective  protection  from  erosion.  Vandalism  to  the  structure 
has  not  occurred  because  it  has  been  well  anchored  and  public  access  is 
difficult.  Although  the  Kentucky  31  mixture  of  grasses  has  overgrown 
the  silky  dogwood  (cornus  amomum)  on  the  upper  bank,  the  shrub  shows 
definite  signs  of  succeeding  as  a  cover  plant.  However,  since  the  upper 
bank  was  not  seeded  and  planted  until  May  1979,  the  vegetation  to  date 
has  not  been  subjected  to  possibly  damaging  high  water  episodes. 
Performance  of  the  vegetal  features  of  the  project  is  summarized  on 
Plate  26.  Plates  27,  28  and  29  show  photos  of  Scheme  5. 

5.  Scheme  6.  The  longitudinal  slag  dike  of  Scheme  6,  designed  as 
a  sediment  trap,  has  been  functioning  as  intended.  Placing  the  dike 
riverward  of  the  water’s  edge  with  its  top  above  pool  level,  has 
resulted  in  trapping  sediment  from  high  waters  and  soil  sloughs  from  the 
bank  face.  Within  a  year  of  placement,  soil  has  accreted  within  the 
enclosure  to  the  top  of  dike.  The  enclosure  has  now  become  well  vege¬ 
tated  and  apparently  continues  to  accrete.  Although  some  recession  of 


the  upper  bank  is  occurring,  the  rate  of  recession  has  been  drastically 
reduced  as  a  result  of  this  lower  terrace  development.  Plates  30,  31 
and  32  show  photos  of  Scheme  6. 


C.  Rehabilitation.  No  rehabilitation  has  been  performed.  Minor  addi¬ 
tional  rehabilitation  work  may  be  required  depending  upon  future  perfor¬ 
mance. 


D.  Summary  of  Findings.  Graded  steel  furnace  slag,  when  placed  in  a 
12-inch  thickness  atop  filter  material  or  in  a  24-inch  thickness  without 
a  filter,  has  been  shown  to  be  effective  in  controlling  erosion.  Used 
automobile  tires  that  are  combined  to  form  either  a  wall  or  mat  have 
been  shown  to  be  an  effective  means  of  erosion  control  well  suited  to 
use  by  an  individual  property  owner  with  limited  financial  means.  The 
sediment  trap  of  Scheme  6  appears  to  have  been  effective  in  retarding 
bank  erosion,  but  further  monitoring  is  needed  to  confirm  its  effec¬ 
tiveness. 
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PLATE  2 
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Section  32  Program  Streambank  Erosion  Control 
Evaluation  and  Demonstration  Act  of  1974 


OHIO  RIVER  AT  SAINT  MARYS,  WEST  VIRGINIA 
DEMONSTRATION  PROJECT  PERFORMANCE  REPORT 

I.  INTRODUCTION 

A.  Project  Name  and  Location.  Saint  Marys,  Pleasants  County,  West 
Virginia,  along  the  left  descending  bank  below  ORM  154.9  with  State 
Coordinate  System  references  of  N  509,  470.0  and  E  2,365,198.5.  Exhibit 
No.  1-1  shows  the  project  location. 

B.  Authority.  Streambank  Erosion  Control  Evaluation  and  Demonstration 
Act  of  1974,  Section  32,  P.L.  93-251. 

C.  Purpose  and  Scope.  This  report  describes  slope  failure  and  erosion 
condition,  types  of  treatments  used  and  a  performance  evaluation  of  a 
demonstration  project  on  the  Ohio  River  designed  and  monitored  by  the 
Huntington  District. 

D.  Problem  Resume.  The  left  bank  of  the  Ohio  River  approximate  to  and 
upstream  of  Middle  Island  in  the  back  channel  and  including  a  ferry 
landing  was  subject  to  active  slope  failure  and  bank  erosion  with 
resulting  slope  distress  approximate  to  residences,  a  church, 
and  historically  significant  building  foundations  and  walls. 

II.  HISTORICAL  DESCRIPTION 
A.  Stream  Description,  General. 

1.  Topography.  The  Ohio  River  at  the  demonstration  site  drains  an 
area  Including  Pennsylvania  west  of  the  Allegheny  Mountains  and  portions 
of  Kentucky,  Ohio,  West  Virginia,  New  York,  and  Maryland.  Major 
tributaries  are  the  Allegheny  and  Monongahela  Rivers.  The  topography  of 
the  basin  is  characterized  by  mature  development  of  the  drainage  systems 
within  the  Kanawha  Physiographic  Section  of  the  Appalachian  Plateau 
Province.  From  its  origin  at  Pittsburgh,  the  river  descends  120  feet 
along  a  course  of  154.9  miles  to  the  demonstration  site.  Relief  at  the 
site  is  approximately  600  feet  from  the  river  to  the  top  of  the 
surrounding  valley  walls.  The  river  at  the  demonstration  site  is  in  a 


back  channel.  The  natural  stream  gradient  Is  about  0.7  foot  per  mile. 
The  valley  floor  is  about  three-fourth  mile  in  width.  The  lower  reach 
of  upper  banks  are  from  10  feet  to  20  feet  above  normal  pool  at  the  St. 
Marys  Project.  The  St.  Marys,  West  Virginia,  demonstration  site  is 
located  along  a  narrow  alluvium  terrace  delineated  at  its  up  and  down 
stream  limits  by  colluvium  and  bedrock. 

2.  Geology.  The  Ohio  River  throughout  its  course  along  the  West 
Virginla-Ohio  border  has  become  entrenched  in  sedimentary  strata  of 
Pennsylvanian  and  older  periods.  These  strata  are  made  up  of 
interbedded  sandstones,  siltstones,  clay,  shales,  limestones,  and 
coals.  The  bedrock  valley  of  the  Ohio  River  contains  outwash  from  the 
Wisconsin  Glacier  overlain  by  recent  alluvium.  In  the  portion  of  the 
Ohio  Valley  within  the  project  reach,  the  outwash  is  predominantly 
gravel,  and  gravelly  sand  overlain  by  sand,  silty  sand  and  clayey 
silt.  Since  the  last  glacial  episode,  the  Ohio  River  has  been  cutting 
through  and  laterally  into  these  materials  with  river  terraces  remaining 
as  erosional  remnants  at  various  elevations  in  outwash  and  alluvium  and 
most  often  by  point  bar  accretion  with  the  forming  of  a  well  defined 
flood  plain.  In  the  study  area,  the  Ohio  River  is  still  underlain  by 
fill  and  outwash  to  depths  of  approximately  55  feet. 

The  Ohio  River  channel  has  changed  location  by  lateral  cutting  and 
filling  within  the  alluvium  and  outwash  which  fills  the  bedrock 
valley.  The  channel  is,  however,  often  bedrock-controlled  at  a  location 
on  one  side  of  the  Pleistocene  effects-def ined  valley.  One  bank  often 
consists  of  flood  plain  deposits  and  the  other  of  rock  outcrop  or 
colluvial  soils  which  have  accumulated  by  weathering,  creep,  and 
landslides.  The  colluvial  soils  are  generally  stiff  silty  clays  with 
angular  rock  fragments  and  little  or  no  layering.  These  soils  tend  to 
be  somewhat  resistant  to  river-related  erosion. 

3.  Locality,  Development ,  and  Occupation.  The  Ohio  River  valley 
in  the  vicinity  of  the  demonstration  site  has  a  diverse  urban  and 
industrial  land  use.  Most  of  these  broad  floodplains  are  in  agriculture 
use.  Within  the  Willow  Island  navigation  pool,  the  river  valley 
contains  several  small  cities  including  New  Martinsville,  Paden  City, 
and  Sl8tersvllle  in  West  Virginia,  and  New  Matamoras  in  Ohio.  Local 
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Industries  include  coal  mining,  quarries,  chemical  production,  electric 
power  generation,  and  light  manufacturing.  The  river  is  paralleled  by 
railroads  and  highways  located  approximate  to  both  banks. 

The  Ohio  River  drainage  has  been  an  important  transportation  system 
since  prehistory  and  has  been  improved  for  navigation  beginning  in  1824 
when  Congress  provided  for  removal  of  obstructions  such  as  bars  and 
snags.  For  many  years  river  navigation  use  was  addressed  by  open 
channel  Improvements  only.  In  addition  to  removal  of  channel 
obstructions,  stone  training  dikes  were  constructed  at  various  bars  to 
restrict  more  frequent  flows  to  the  defined  channel.  The  first  movable 
dam  on  the  Ohio  River  was  located  at  Davis  Island,  4.7  miles  below 
Pittsburgh,  and  opened  to  commerce  October  7,  1885.  A  system  of  locks 
and  movable  dams  wsa  eventually  constructed  along  the  entire  Ohio 
River.  In  1918,  Lock  and  Dam  17  was  put  into  operation  12.6  miles 
downstream  of  the  demonstration  site.  These  early  dams  incorporated  a 
navigable  pass  to  provide  a  channel  for  open  river  navigation  during 
periods  of  high  flow.  A  series  of  wickets,  heavy  timber  shutters,  were 
raised  to  Impound  water  as  needed  to  maintain  a  navigation  pool.  When 
not  required,  the  wickets  would  lie  flat  at  such  a  depth  as  to  offer  no 
obstruction  to  free  navigation  through  the  pass.  Replacement  of  these 
original  navigation  dams  with  fixed,  gated  structures  having  higher 
lifts  has  been  ongoing.  In  1975,  Willow  Island  Locks  and  Dam  went  into 
full  operation  and  Lock  and  Dam  17  was  removed. 

4.  Hydrologic  Characteristics.  The  climate  of  the  site  reach  and 
Ohio  River  is  continental  with  marked  contrasts  and  average  annual 
temperatures  of  about  54°F  and  an  average  annual  precipitation  of  44" 
rainfall.  The  period  from  1970  through  1976  was  determined  to  be  wetter 
than  average.  1979  was  a  wet  year  while  1980  was  average  and  1981  (from 
1  October  1980  to  February  1981)  was  dryer  than  average.  Ice  occurs  on 
all  rivers  and  streams  in  the  basin  with  the  Ohio  River  being  froze  over 
for  nearly  the  entire  length  and  at  this  site  in  the  winters  of  1976-77 
and  1977-78.  Major  floods  affecting  the  Ohio  River  occurred  in  March 
1913,  March  1936,  January  1937,  March  1945,  and  March  1964. 

5.  Existing  Channel  Conditions.  The  back  channel  location  was 
described  in  paragraph  II.A.l.  The  channel  location  and  width-depth 
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relationships  have  been  relatively  stable  within  historical  time. 

6.  Environmental  Considerations.  Active  farming  and  old  fields 
are  frequently  encounterd  within  the  Ohio  River  floodplain  area.  The 
steep  hillsides  adjacent  to  the  valley  floor  are  primarily  undeveloped 
and  consist  of  second  growth  woodlands.  Within  the  floodplain, 
vegetation  associated  with  farming  and  frequent  site  disturbance 
prevails.  Along  the  river  bottom  land,  willow,  silver  maple,  and 
sycamore  occur  most  frequently.  On  the  hillsides  and  in  areas  of  bank 
and  slope  above  ordinary  high  water,  oaks,  beech,  red  maple,  ash,  black 
cherry  and  walnut  exist.  Nails,  spikes,  eye  bolts,  cables  and  physical 
damage  from  river  traffic  are  also  evident  in  some  trees. 

Fish  in  the  project  area  include  channel  catfish,  carp,  spotted 
bass,  largemouth  bass,  smallmouth  bass,  white  bass,  pumpkinseed, 
bluegill,  white  crappie,  shiners,  perch,  skipjacks,  gizzard  shad,  and 
golden  redhorse.  Excellent  warm-water  fisheries  have  developed  at  or 
near  the  mouths  of  several  of  the  tributary  streams.  Area  wildlife 
resources  include  mourning  doves,  bobwhite  quail,  and  cottontail  rabbits 
in  the  approximate  agricultural  areas,  while  ruffed  grouse  and  squirrels 
Inhabit  the  uplands.  Whitetailed  deer  are  present  in  the  adjacent 
uplands  and  also  range  into  the  valley  at  the  site.  The  Ohio  River  also 
provides  resting  and  feeding  opportunities  for  several  species  of 
migratory  waterfowl.  Muskrat,  raccoon,  and  fox  are  some  of  the  fur 
animals  in  the  area. 

This  reach  of  the  river,  as  with  the  entire  Ohio  in  general,  is 
exposed  to  various  types  of  pollution  which  tend  to  affect  aquatic  life 
and  generally  detract  from  the  aesthetic  value  of  the  river.  Organic 
matter,  chemicals,  sediment,  and  colloidal  material  contribute  to 
somewhat  degraded  water  quality,  with  seasonal  variations  also  resulting 
from  changes  in  flow  and  temperature. 

An  environmental  assessment  was  prepared  in  accordance  with  Section 
404(b)  of  Public  Law  92-500.  Impacts  of  construction  at  the  site  were 
addressed  in  the  assessment  and  the  effects  of  each  bank  protection 
scheme  were  considered,  as  were  total  project  effects.  Modifications  to 
the  rlverbank  during  construction  will  cause  localized  and  minor  adverse 
ecological  effects  Including  degraded  water  quality.  Construction  of 


this  project  was  determined  to  result  in  net  beneficial  environmental 
effects  within  the  riverbank  area. 


B.  Demonstration  Project. 


fdrologic  Characteristics.  Channel  cross  sections  have  been 


determined  to  be  generally  consistent  as  to  width-depth  relationships 
and  prehistorical  features  including  Middle  Island.  The  river  channel 
in  the  immediate  vicinity  of  the  demonstration  project  has  been  subject 
to  sand  and  gravel  dredging.  Ice  formation  in  the  project  area  has 
become  significant  during  unusually  severe  winters.  Ice  movement  is  not 
a  factor  in  bank  erosion  at  the  site. 

2.  Hydraulic  Characteristics.  Average  velocities  have,  during 
frequently  occurring  excessive  flow  events,  been  determined  as  from  5  to 
7  feet  per  second  within  the  Ohio  River  channel.  At  the  St.  Marys,  West 
Virginia  Demonstration  Project,  velocities  for  these  events  would  often 
be  less.  Waves  have  been  observed  and  monitored  under  various  wind  and 
traffic  conditions.  Maximum  wave  height  was  approximately  two  feet. 
The  minimum  pool  for  navigation  use  is  retained  at  elevation  602  by 
Willow  Island  Locks  and  Dam  7  miles  downstream.  The  dam  gates  are 
raised  to  pass  high  flows,  so  that  the  influence  of  the  dam  on  the  river 
decreases  with  increasing  flow.  The  influence  of  these  navigation  dams 
during  excessive  flow  events  is  insignificant.  Prior  to  the  completion 
of  the  Willow  Island  Locks  and  Dam  in  1975,  the  Ohio  River  at  the 
demonstration  site  was  maintained  at  minimum  pool  elevation  586.6  by 
Lock  and  Dam  17.  The  stage  hydrographs  for  this  project  site  are 
referenced  as  Exhibit  1-7. 

3.  Riverbank  Description.  The  riverbank  at  the  demonstration  site 
is  approximate  to  a  barge  loading  and  mooring  facility  and  ferry  landing 
and  is  characterized  by  moderate  height  and  relatively  steep  upper 
slopes.  The  bank  is  composed  of  fine  grained  alluvium  deposited  as 
point  bars.  These  interbedded  and  interlensing  sediments  include  silty 
clays  overlying  silty  sands  and  sands.  A  typical  geotechnical  cross 
section  of  the  project  site  is  referenced  as  Exhibit  1-6. 

The  area  Immediately  landward  cf  the  top  of  bank  has  significant 
relief  and  la  utilized  as  a  park,  church,  and  home  sites.  Distance  to 
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an  adjacent  road  is  from  40  to  60  feet. 

Most  of  the  limited  failures  of  banks  at  this  site  occurs  during 
flood  events  and  as  the  river  returns  to  near  normal  stages.  A 
frequently  encountered  failure  sequence  in  these  alluvium  includes 
internal  erosion  of  sand  and  silty  sand  by  groundwater  flowing  out  of 
the  riverbank,  referenced  as  "piping"  with  resultant  weakening  of 
overlying  soils.  The  bank  and  upper  slope  then  fails  by  drawdown- 
related  slumpages  as  the  river  falls  from  flood  stages  with  current- 
related  erosion  of  in  situ  soils  and  the  failed  debris. 

The  District  has  been  aware  of  bank  and  slope  conditions  at  this 
site  since  historical  times  and  inclusive  of  the  channelization 
period.  Photographs  submitted  as  Exhibit  Nos.  II-l  thru  II-7  indicate 
the  condition  of  the  bank  prior  to  construction,  during  construction, 
and  after  construction  of  the  demonstration  project. 


III.  DESIGN  AND  CONSTRUCTION 


1 

S 


A.  General.  The  St.  Marys,  West  Virginia,  site  was  used  to  evaluate 
three  different  schemes  of  bank  protection  along  a  reach  of  somewhat 
variable  upper  bank  topography. 

B.  Basis  for  Design.  Treatments  were  Intended  to  generally  address 
normal  pool  land-water  interface  contacts  with  upslope  conditions  being 
considered  at  some  test  sections.  These  materials  were  not  intended  to 
protect  against  mechanisms  which  are  most  significant  and  occur  during 
major  storms  and  floods. 

The  structural  features  included  tire  mats,  transverse  dikes,  and 
stacked  tires.  Placement  of  the  protections  utilizing  tires  was 
somewhat  labor  Intensive  but  was  included  as  being  feasible  for  use  by 
small  property  owners  with  limited  financial  resources.  Vegetation 
covers  included  grasses. 

C.  Construction  Details.  Tire  mattress  and  tire  mats,  dumped  stone 
transverse  dikes,  and  reinforced  concrete  filled  tire  walls  were  placed 
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as  indicated  on  Exhibit  Nos.  1-2  thru  1-4.  Treatments  were  completed  in 
1980  and  included  the  following: 

Scheme  A  -  Lower  reach  of  upper  bank  protected  with  tire  mats 
and  with  tire  mattress. 

Scheme  B  -  Dikes  of  dumped  stone  to  elevation  604.0 

Scheme  C  -  Upper  bank  buttressed  and  protected  with  stacked 
tire  wall. 

D.  Costs.  These  treatments  were  constructed  during  the  period  from 
September  1980  thru  December  1980.  Total  cost  including  monies  to 
construct  was  $397,200.  A  cost  summary  for  each  test  section,  showing 
cost  per  lineal  foot  and  cost  per  square  foot,  is  included  as  Exhibit 
No.  1-5. 


IV.  PERFORMANCE  OF  PROTECTION 

A.  Monitoring  Program.  Monitoring  included  reach  of  river  and  site 
specific  reconnaissance,  photography,  mapping,  sampling,  and 
evaluations.  Piezometers  were  Installed  in  June  1981  and  readings  are 
scheduled  to  begin  in  July  1981.  Sequential  and  referenced  photographs 
for  this  site  are  included  as  Exhibit  No.  II.  Site  location  maps, 
plans,  reference  points,  sections,  profiles,  and  details  are  included  as 
Exhibit  No.  I. 

B.  Evaluation  of  Protection  Performance.  The  transverse  dikes  are 
intended  to  trap  sediments.  The  tire  wall  should  provide  Increased 
stability  for  approximate  banks  and  slopes.  Post  construction 
monitoring  data  is  not  sufficient  to  evaluate  the  effectiveness  of  these 
treatments. 

C.  Rehabilitation.  No  rehabilitation  work  has  been  performed. 

D.  Summary  of  Findings.  Section  A,  the  upstream  treatment,  consists 
of  a  tire  mat.  Some  distress  is  noted  and  attributed  to  rather  steep 
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slopes  within  this  area;  however,  loss  of  bank  materials  by  failure 
erosion  has  most  probably  been  reduced.  The  downstream  adjacent 
treatment.  Section  B,  consists  of  dikes  with  their  effect  on  adjacent 
slope  instability  conditions  being  considered  as  beneficial.  Section  C, 
the  most  downstream  treatment,  consists  of  tire  walls  which  have 
experienced  some  loss  of  fine  granular  backfill  during  storm  and 
excessive  flow  events  but  are  performing  satisfactorily  in  effecting  a 
reduction  in  bank  failure  and  erosion. 
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COST  SUMMARY 

ST.  Marys,  W.  Va.,  Demonstration  Project 


ITEM 

TOTAL  COST 

COMMENTS 

Construction 

$  292,520 

Construction  work  done 

Engineering  & 

71,130 

by  lump  sum  contract 

Design 

Supervision  & 

33,090 

Administration 

Monitoring 

460 

Reconstruction 

0 

TOTAL 

$  397,200 

CONSTRUCTION  COST  FOR  EACH 

TREATMENT 

Type  of 

Cost  per 

Cost  per 

Protection 

Lineal  foot 

Square  Foot 

Scheme  A:  tire  mat 

$  159.02 

$  4.54 

Scheme  B:  dikes 

399.52 

6.66 

Scheme  C:  tire  wall 

106.01 

5.30 

These  costs  Include  all 

preparation  of  slopes  and  installation 

EXHIBIT  1-5 
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EXHIBIT  1-6  (SHEET  1  OF  2) 
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GEOTECHNICAL  CROSS  SECTION 


ABBREVIATIONS 


EXHIBIT  1-6  (SHEET  2  OF  2) 
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GEOTECHNICAL  CROSS  SECTION 
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OHIO  RIVER 

STAGE  HYDROGRAPHS  AT  SI  MARYS  WEST  VIRGINIA 


670.00 


670.00 


JULIAN  DAY 


EXHIBIT  II-1 
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SCHEME  B:  LOOKING  UPSTREAM  BEFORE  CONSTRUCTION 


SCHEME  B:  LOOKING  DOWNSTREAM  DURING  CONSTRUCTION 


EXHIBIT  II-3 


EXHIBIT  II-4 


SCHEME  C:  LOOKING  DOWNSTREAM  BEFORE  CONSTRUCTION 


SCHEME  C:  LOOKING  DOWNSTREAM  DURING  CONSTRUCTION 


Section  32  Program  Streambank  Erosion  Control 
Evaluation  and  Demonstration  Act  of  1974 

OHIO  RIVER  AT  RAVENSWOOD,  WEST  VIRGINIA 
DEMONSTRATION  PROJECT  PERFORMANCE  REPORT 

I .  INTRODUCTION 

A.  Project  Name  and  Location.  Ravens wood,  Jackson  County,  West 
Virginia,  along  the  left  descending  bank  at  and  for  a  1600  foot  reach 
below  ORM  220.5  with  State  Coordinate  System  references  of  N  346,239.9 
and  E  2,208,723.4.  Exhibit  No.  I- 1  shows  the  project  location. 

B.  Authority.  Streambank  Erosion  Control  Evaluation  and  Demonstration 
Act  of  1974,  Section  32,  P.L.  93-251. 

C.  Purpose  and  Scope.  This  report  describes  a  bank  failure  and  erosion 
condition,  types  of  treatments  used,  and  a  performance  evaluation  of  a 
demonstration  project  on  the  Ohio  River  designed  and  monitored  by  the 
Huntington  District. 

D.  Problem  Resume.  The  left  bank  of  the  Ohio  River  approximate  and 
upstream  of  Sandy  Creek  and  Including  a  ferry  landing  was  subject  to 
active  failure  and  erosion  with  resulting  top  of  slope  retreat  and 
variable  encroachment  on  city  park  lands  and  road  right  of  way.  State 
Department  of  Highways  aggregate  stockpiles,  and  on  residential  and 
small  commercial  properties. 

II.  HISTORICAL  DESCRIPTION 
A.  Stream  Description,  General. 

1.  Topography.  The  Ohio  River  at  the  demonstration  site  drains  an 
area  Including  Pennsylvania  west  of  the  Allegheny  Mountains  and  portions 
of  Kentucky,  Ohio,  West  Virginia,  New  York,  and  Maryland.  Major 
tributaries  are  the  Allegheny,  Monongahela,  Beaver,  Muskingum,  Little 
Kanawha,  Hocking,  and  Shade  Rivers.  The  topography  of  the  basin  is 
characterized  by  mature  development  of  the  drainage  systems  within  the 
Kanawha  Physiographic  Section  of  the  Appalachian  Plateau  Province.  From 
its  origin  at  Pittsburgh,  the  river  descends  160  feet  along  a  course  of 
220*5  miles  to  the  demonstration  site.  Relief  at  the  site  is 


approximately  1000  feet  from  the  river  to  the  top  of  the  surrounding 
valley  walls.  The  river  flows  at  the  demonstration  site  following  a 
course  with  curves  of  45  degrees  and  radii  of  5  miles.  The  natural 
stream  gradient  is  about  0.7  foot  per  mile.  The  valley  floor  is  about 
one  ano  one-fourth  miles  in  width.  Stream  bank  heights  are  from  10  feet 
to  20  feet  above  normal  pool  at  the  Ravenswood  Project.  The  Ravenswood, 
West  Virginia,  demonstration  site  is  located  along  a  relatively  wide 
alluvium  terrace  delineated  at  its  up  and  down  stream  limits  by 
colluvium  and  bedrock. 

2.  Geology.  The  Ohio  River  throughout  its  course  along  the  West 
Virglnia-Ohio  border  has  become  entrenched  in  sedimentary  strata  of 
Pennsylvanian  and  older  periods.  These  strata  are  made  up  of 
interbedded  sandstones,  siltstones,  clay,  shales,  limestones,  and 
coals.  The  bedrock  valley  of  the  Ohio  River  contains  outwash  from  the 
Wisconsin  Glacier  overlain  by  recent  alluvium.  In  the  portion  of  the 
Ohio  Valley  within  the  project  reach,  the  outwash  is  predominantly 
gravel,  sand  and  gravel,  and  gravelly  sand  overlain  by  sand,  silty  sand 
and  clayey  silt.  Since  the  last  glacial  episode,  the  Ohio  River  has 
been  cutting  through  and  laterally  into  these  materials  with  river 
terraces  remaining  as  eroslonal  remanents  at  various  elevations  in 
outwash  and  alluvium  and  most  often  by  point  bar  accretion  with  the 
forming  of  a  well  defined  flood  plain.  In  the  study  area,  the  Ohio 
River  is  still  underlain  by  fill  and  outwash  to  depths  of  approximately 
55  feet. 

The  Ohio  River  channel  has  changed  location  by  lateral  cutting  and 
filling  within  the  alluvium  and  outwash  which  fills  the  bedrock 
valley.  The  channel  is,  however,  often  bedrock  controlled  at  its 
location  on  one  side  of  the  Pleistocene  ef fects-def ined  valley.  One 
bank  often  consists  of  flood  plain  deposits  and  the  other  rock  outcrop 
or  colluvial  soils  which  have  accumulated  by  weathering,  creep,  and 
landslides.  The  colluvial  soils  are  generally  stiff  silty  clays  with 
angular  rock  fragments  and  little  or  no  layering.  These  soils  tend  to 
be  somewhat  resistant  to  river-related  erosion. 


3.  Locality,  Development,  and  Occupation.  The  Ohio  River  valley 
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in  the  vicinity  of  the  demonstration  site  has  a  diverse  and  urban 
industrial  land  use.  Most  of  these  broad  floodplains  are  in  agriculture 
use.  Within  the  Racine  navigation  pool  the  river  valley  contains 
several  small  cities  including  Millwood,  Parkersburg,  Williamstown  in 
West  Virginia  and  Hockingport  and  Belpre  in  Ohio.  Local  industries 
include  coal  mining,  quarries,  aluminum,  alloys  and  chemical  production, 
electric  power  generation,  and  light  manufacturing.  The  river  is 
paralleled  by  railroads  and  highways  located  approximate  to  both  banks. 

The  Ohio  River  drainage  has  been  an  important  transportation  system 
since  prehistory  and  has  been  improved  for  navigation  beginning  in  1824 
when  Congress  provided  for  removal  of  obstructions  such  as  bars  and 
snags.  For  many  years  river  navigation  use  was  addressed  by  open 
channel  improvements  only.  In  addition  to  removal  of  channel 
obstructions,  stone  training  dikes  were  constructed  at  various  bars  to 
restrict  more  frequent  flows  to  the  defined  channel.  The  first  movable 
dam  on  the  Ohio  River  was  located  at  Davis  Island,  4.7  miles  below 
Pittsburgh,  and  opened  to  commerce  October  7,  1885.  A  system  of  locks 
and  movable  dams  was  eventually  constructed  along  the  entire  Ohio 
River.  In  1918,  Lock  and  Dam  22  was  put  into  operation  0.4  mile 
downstream  of  the  demonstration  site.  These  early  dams  incorporated  a 
navigable  pass  to  provide  a  channel  for  open  river  navigation  during 
periods  of  high  flow.  A  series  of  wickets,  heavy  timber  shutters,  were 
raised  to  Impound  water  as  needed  to  maintain  a  navigation  pool.  When 
not  required,  the  wickets  would  lie  flat  at  such  a  depth  as  to  offer  no 
obstruction  to  free  navigation  through  the  pass.  Replacement  of  these 
original  navigation  dams  with  fixed,  gated  structures  having  higher 
lifts  has  been  ongoing.  In  1969,  Racine  Locks  and  Dam  went  into  full 
operation  and  Lock  and  Dam  22  was  removed. 

4.  Hydrologic  Characteristics .  The  climate  of  the  site  reach  and 
Ohio  River  is  continental  with  marked  contrasts  and  average  annual 
temperatures  of  about  54°F  and  an  average  annual  precipitation  of  44" 
rainfall.  Hie  period  from  1970  through  1976  was  determined  to  be  wetter 
than  average.  1979  was  a  wet  year  while  1980  was  average  and  1981  (from 
1  October  1980  to  February  1981)  was  dryer  than  average.  Ice  occurs  on 


all  rivers  and  streams  in  the  basin  with  the  Ohio  River  being  froze  over 
for  nearly  the  entire  length  and  at  this  site  in  the  winters  of  1976-77 
and  1977-78.  Major  floods  affecting  the  Ohio  River  occurred  in  March 
1913,  March  1936,  January  1937,  March  1945,  and  March  1964. 

5.  Existing  Channel  Conditions.  The  sinuosity  of  the  channel  was 
described  in  paragraph  1I.A.1.  1116  channel  location  and  width-depth 
relationships  have  been  relatively  stable  within  historical  time. 
Buffington  Island  is  located  2.5  miles  upstream  of  the  Ravenswood 
Project.  A  velocity  profile  and  channel  cross  section  is  included  as 
Exhibit  1-8. 

6.  Environmental  Considerations.  Active  farming  and  old  fields 
are  frequently  encounterd  within  the  Ohio  River  floodplain  area.  The 
steep  hillsides  adjacent  to  the  valley  floor  are  primarily  undeveloped 
and  consist  of  second  growth  woodlands.  Within  the  floodplain, 
vegetation  associated  with  farming  and  frequent  site  disturbance 
prevails.  Along  the  river  bottom  land,  willow,  silver  maple,  and 
sycamore  occur  most  frequently.  On  the  hillsides  and  in  areas  of  bank 
and  slope  above  ordinary  high  water,  oaks,  beech,  red  maple,  ash,  black 
cherry  and  walnut  exist.  Nails,  spikes,  eye  bolts,  cables  and  physical 
damage  from  river  traffic  are  also  evident  in  many  specimens. 

Fish  in  the  project  area  include  channel  catfish,  carp,  spotted 
bass,  largemouth  bass,  smallmouth  bass,  white  bass,  pumpkinseed, 
blueglll,  white  crapple,  shiners,  perch,  skipjacks,  gizzard  shad  and 
golden  redhorse.  Excellent  warm-water  fisheries  have  developed  at  or 
near  the  mouths  of  several  of  the  tributary  streams.  Area  wildlife 
resources  include  mourning  doves,  bobwhite  quail,  and  cottontail  rabbits 
in  the  approximate  agricultural  areas,  while  ruffed  grouse  and  squirrels 
inhabit  the  uplands.  Whitetailed  deer  are  present  in  the  adjacent 
uplands  and  also  range  into  the  valley  at  the  site.  The  Ohio  River  also 
provides  resting  and  feeding  opportunities  for  several  species  of 
migratory  waterfowl.  Muskrat,  raccoon,  and  fox  are  some  of  the  fur 
animal 8  in  the  area. 


This  reach  of  the  river,  as  with  the  entire  Ohio  in  general,  is 
exposed  to  various  types  of  pollution  which  tend  to  affect  aquatic  life 
and  generally  detract  from  the  aesthetic  value  of  the  river.  Organic 
matter,  chemicals,  sediment,  and  colloidal  material  contribute  to 
somewhat  degraded  water  quality,  with  seasonal  variations  also  resulting 
from  changes  in  flow  and  temperature. 

An  environmental  assessment  was  prepared  in  accordance  with  Section 
404(b)  of  Public  Law  92-500.  Impacts  of  construction  at  the  site  were 
addressed  in  the  assessment  and  the  effects  of  each  br.  k  protection 
scheme  were  considered,  as  were  total  project  effects.  Modifications  to 
the  riverbank  during  construction  will  cause  localized  and  minor  adverse 
ecological  effects  Including  degraded  water  quality.  Construction  of 
this  project  was  determined  to  result  in  net  beneficial  environmental 
effects  within  the  riverbank  area. 

B.  Demonstration  Project. 

1.  Hydrologic  Characteristics.  Channel  cross  sections  have  been 
determined  to  be  generally  consistent  as  to  width-depth  relationships 
and  pre-his tor leal  features  including  Buffington  Island.  The  river 
channel  in  the  immediate  vicinity  of  the  demonstration  project  has  been 
subject  to  sand  and  gravel  dredging.  Ice  formation  in  the  project  area 
has  become  significant  during  unusually  severe  winters.  Ice  movement  is 
not  a  factor  in  bank  erosion  at  the  site. 

2.  Hydraulic  Characteristics.  Average  velocities  have,  during 
frequently  occurring  excessive  flow  events,  been  determined  as  from  5  to 
7  feet  per  second  within  the  Ohio  River  channel.  Waves  have  been 
observed  and  monitored  under  various  wind  and  traffic  conditions. 
Maximum  wave  height  was  approximately  two  feet.  The  minimum  pool  for 
navigation  use  is  retained  at  elevation  560  by  the  Racine  Locks  and  Dam 
17  miles  downstream.  The  dam  gates  are  raised  to  pass  high  flows,  so 
that  the  influence  of  the  dam  on  the  river  decreases  with  increasing 
flow.  The  influence  of  these  navigation  dams  during  excessive  flow 


events  is  insignificant.  Prior  to  the  completion  of  the  Racine  Locks 
and  Dam  in  1969,  the  Ohio  River  at  the  demonstration  site  was  maintained 
at  minimum  pool  elevation  551.4  by  Lock  and  Dam  22.  The  stage  hydro¬ 
graphs  for  the  project  site  are  referenced  as  Exhibit  1-9. 

3.  River bank  Description.  The  riverbank  at  the  demonstration  site 
is  approximate  to  barge  loading  and  mooring  facility  and  ferry  landing 
and  includes  fill  and  an  abandoned  road  and  is  characterized  by  moderate 
height  and  variable  slopes.  The  bank  is  composed  of  fine  grained 
alluvium  deposited  as  point  bars  and  during  overbank  event  falling 
stages.  These  interbedded  and  lnterlensing  sediments  Include  silty 
clays  overlying  silty  sands  and  sands.  In  the  project  reach  of  bank, 
dump  debris  and  random  filling  are  frequently  encountered.  A  typical 
geotechnical  cross  section  of  the  project  site  is  referenced  as  Exhibit 
1-7. 

The  area  immediately  landward  of  the  top  of  bank  has  low  relief  and 
is  utilized  as  a  park,  for  aggregate  stockpiling,  and  home  sites. 
Distance  to  an  adjacent  road  is  from  60  to  80  feet. 

Most  failure  of  banks  at  this  site  occurs  during  flood  events  and 
as  the  river  returns  to  near  normal  stages.  A  frequently  encountered 
failure  sequence  in  these  alluvium  includes  Internal  erosion  of  sand  and 
silty  sand  by  groundwater  flowing  out  of  the  riverbank,  referenced  as 
"piping"  with  resultant  weakening  of  overlying  soils.  The  bank  then 
fails  by  drawdown  related  slumpages  as  the  river  falls  from  flood  stages 
with  current-related  erosion  of  in  situ  soils  and  the  failed  debris. 

The  District  has  been  aware  of  bank  failure  and  erosion  at  this 
site  since  historical  times  and  inclusive  of  the  channelization 
period.  Photographs  submitted  as  Exhibit  Nos.  II-l  thru  II-8  indicate 
the  condition  of  the  bank  prior  to  construction,  during  construction, 
and  after  construction  of  the  demonstration  project. 

III.  DESIGN  AND  CONSTRUCTION 

A.  General.  The  Ravenswood,  West  Virginia,  site  was  used  to  evaluate 
four  different  schemes  of  bank  protection  along  a  reach  of  quite 
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variable  upper  bank  topography.  Regrading  of  failure  and  erosion- 
defined  bank  topography  was  effected  at  some  test  sections. 

B.  Basis  for  Design.  Treatments  were  intended  to  generally  address 
normal  pool  land-water  interface  contacts  with  upslope  conditions  being 
considered  at  some  test  sections.  These  materials  were  not  intended  to 
protect  against  mechanisms  which  are  most  significant  and  occur  during 
major  storms  and  floods.  The  structural  features  included  a  breakwater 
fence,  Longard  Tube  and  gabions  and  gravel  overlying  quarry  run  rock 
which  are  locally  available  materials .  Placement  of  breakwater  fences , 
gabions ,  and  graded  gravel  and  quarry  run  rock  was  somewhat  labor 
intensive  but  were  included  as  being  feasible  for  use  by  small  property 
owners  with  limited  financial  resources.  Vegetation  covers  Included 
grasses  and  purpleosier  willow  cutting. 

C.  Construction  Details .  A  breakwater  fence,  gabions,  quarry  run 
fill,  and  Longard  Tube  treatments  were  placed  as  indicated  on  Exhibit 
Nos.  1-2  thru  1-5.  Treatments  were  completed  in  1977  and  included  the 
following  materials: 

Scheme  A  -  Lower  reach  of  upper  bank  protected  by  breakwater 
fences  with  four  different  board  sizes  and  spaces. 

Scheme  B  -  Toe  of  upper  bank  protected  with  firebrick  filled 
gabions . 

Scheme  C  -  Upper  bank  toe  protection  using  six-inch  top  size 
quarry  run  stone. 

Scheme  D  -  Placement  of  a  Longard  Tube  approximate  to  the  area  of 
normal  pool  land-water  contacts. 

D.  Costs.  These  treatments  were  constructed  by  August  1977.  Total 
cost  including  monies  to  construct  was  $205,750.  A  cost  breakdown  for 
each  test  section,  showing  cost  per  lineal  foot  and  cost  per  square 
foot,  is  Included  as  Exhibit  No.  1-6. 


IV 


PERFORMANCE  OF  PROTECTION 


A.  Monitoring  Program.  Monitoring  included  reach  of  river  and  site 
specific  reconnaissance,  photography,  mapping,  sampling,  and  evalua¬ 
tions.  Piezometers  were  installed  in  June  1981  and  readings  are 
scheduled  to  begin  in  July  1981.  Sequential  and  referenced  photographs 
for  this  site  are  included  as  Exhibit  No.  II.  Site  location  maps, 
plans,  reference  points,  sections,  profiles,  and  details  are  included  as 
Exhibit  No.  I. 

B.  Evaluation  of  Protection  Performance. 

1.  General.  All  treatments  have  most  probably  reduced  erosive 
losses  of  bank  materials.  At  bank  treatments,  failure  conditions  were 
observed  to  occur  at  and  above  the  protections  and  in  upper  bank 
areas.  Frequently  encountered  failure  conditions  in  these  alluvium 
materials  have  been  referenced.  Additionally,  bank  failure  and  soil 
removal  mechanisms  considered  in  the  development  of  design  concepts  for 
treatment  alternatives  which  are  not  generally  significant  are:  wind- 
induced  and  navigation-generated  waves  and  weather  conditions  (rainfall 
impact  and  runoff ,  and  freeze  and  thaw  cycles) 

2.  Scheme  A.  The  breakwater  fence  is  damaged  by  river  ice  and 
navigation.  Upper  bank  piped  openings  and  drawdown-related  scarps  of 
limited  area  extent  have  occurred  during  the  post-construction  period. 

3.  Scheme  B .  Gabions  have  become  misaligned  and  the  upper  bank 
materials,  including  bricks  and  roof  slate  have  continued  to  erode  by 
piping. 

4.  Scheme  C.  The  quarry  run  rock  and  gravel  do  not  evidence 
displacement  or  deterioration.  The  ungraded  upper  bank  has  continued  to 
erode  by  piping,  related  slabbing,  and  drawdown  initiated  slumpages. 

5.  Scheme  D.  The  Longard  Tube,  though  frequently  vandalized,  has 
been  effective.  The  upper  bank  has  limited  areas  of  erosion  as  a  result 
of  seasonally  persistent  seepages. 

C.  Rehabilitation.  This  work  at  the  Ravenswood,  West  Virginia,  Proj¬ 
ect  has  consisted  of  filling  and  patching  reaches  of  the  Longard  Tube. 
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D.  Summary  of  Findings.  The  bank  treatments  consist  of  a  variety  of 
structural  and  stone  materials.  Within  the  upstream  treatment  Section  A 
the  breakwater  fence  has  been  damaged  by  river  ice  and  tow  impacts  and 
is  breached  at  several  locations.  Corrugated  metal  pipe  drainage 
systems  have  been  damaged  by  tow  impact.  Hie  City  of  Ravenswood  has 
dumped  concrete  debris  for  a  reach  back  of  the  breakwater  fence.  It  has 
been  determined  that  this  treatment  is  ineffective  against  significant 
bank  failure  and  erosion  mechanisms  at  this  site  Including  piping  and 
drawdown  related  slumpage  and,  in  fact,  provides  an  Inadequate  section 
for  determining  effective  protection  against  wave  effects.  Back  of  bank 
conditions  include  piping  and  drawdown  failure  defined  slopes  with 
willow  planted  at  the  completion  of  construction.  It  is  recommended 
that  the  breakwater  fence  be  removed  and  that  a  properly  graded  stone 
protection  be  placed  in  the  lower  bank  for  this  reach.  Grass  cover  has 
been  established  for  this  reach  of  bank.  Section  B  consists  of 
firebrick-filled  filter  cloth  backed  gabions  with  some  misalignment  and 
distress  being  noted  and  upper  bank  piping  evident.  No  reconstruction 
is  required  of  this  treatment  at  this  time  and  the  treatment  at  the 
point  where  it  intercepts  seepage  exit  locations  appears  to  be  reducing 
bank  failure  and  erosion.  Section  C,  immediately  downriver  of  the  ferry 
landing,  consists  of  a  graded  Vanport  Limestone  and  is  performing  satis¬ 
factorily  while  upper  bank  areas  which  were  not  regraded  nor  protected 
are  falling  and  eroding  with  resulting  top  of  bank  retreat.  Section  D 
consists  of  a  Longard  Tube  Installation  which  though  frequently  vandal¬ 
ized  has  proved  effective  in  limiting  bank  failure  and  erosion.  This 
treatment  extends  50-feet  up  Sandy  Creek  and  is  in  place  requiring  no 
reconstruction  efforts.  Treatments  B,  C  and  D  have  resulted  in  reduced 
bank  failure  and  erosion  and  have  allowed  the  establishment  of  volunteer 
vegetation  cover  including  for  the  Longard  Tube  reach  a  substantial 
cover  of  young  sycamore.  In  the  reach  of  the  Longard  Tube,  off  bank 
sand  alluviun  has  acciaulated  on  the  subaqueous  filter  cloth  protection. 
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COST  SUMMARY 

Ravenswood,  W.  Va.,  Demonstration  Project 


ITEM 


TOTAL  COST 


COMMENTS 


Construction 

$  136,080 

Engineering  & 

54,260 

Design 

Supervision  & 

14,400 

Administration 

Monitoring 

1,000 

Reconstruction 

2.000 

TOTAL  $  207,740 


Repairs  to  Longard  Tube 
and  replanting  of  vegeta¬ 
tion  cover 


CONSTRUCTION  COST  FOR  EACH  TREATMENT 


Type  of  Protection 


Cost  per 
Lineal  foot 


Cost  per 
Square  Foot 


Scheme  A:  breakwater  fence  $  73.17 
Scheme  B:  Firebrick  gabions  124.23 
Scheme  C:  Stone  94.49 
Scheme  D:  Longard  Tube  100,09 


$  2.10 
3.99 
4.01 
2.62 


These  costs  include  all  preparation  of  slopes  and  installation 
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GEOTECHNICAL  CROSS  SECTION 
RAVENSWOOD,  W.  VA. 
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GEOTECHNICAL  CROSS  SECTION 


CHANNEL  CROSS  SECTION 
23  MAY  1979  POOL  EL.  560.4 
RAVENSWOOD,  W.  VA. 
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DEMONSTRATION  PROJECT 
STREAMBANK  EROSION  CONTROL 
OHIO  RIVER  AT  RAVENSWOOD,  WEST  VIRGINIA 
MAY  1977 

Section  404  Evaluation 

1.  In  accordance  with  33  CFR  209.  145  and  40  CFR  230,  the  following 
report  Is  submitted  concerning  the  Section  404  evaluation  for  the 
Ravenswood,  West  Virginia  Demonstration  Project. 

2.  Project  Location  and  Description.  The  proposed  demonstration  pro¬ 
ject  consists  of  four  sites  for  streambank  erosion  control  along  an 
approximate  1,440  foot  reach  of  the  Ohio  River  In  the  vicinity  of 
Ravenswood.  The  four  installations  are  to  be  located  along  the  left 
descending  bank  of  the  river  between  milepoints  220.56  and  220.70  below 
Pittsburgh,  Pennsylvania.  The  Racine  Locks  and  Dam  is  located  17.3 
miles  downstream  of  the  site  and  maintains  a  normal  pool  elevation  of 
560  feet  MSL.  This  work  is  being  done  under  the  auspices  of  Section  32 
of  Public  Law  93-251,  the  "Streambank  Erosion  Control  Evaluation  and 
Demonstration  Act  of  1974."  Each  scheme  will  employ  a  method  Incorpor¬ 
ating  structural,  vegetal,  or  a  combination  of  erosion  control  measures. 
All  four  schemes  will  require  grading,  excavation,  re-contouring  and/or 
compaction  or  soil  preparation.  There  will  be  a  balance  of  materials 
and  no  spoil  area  is  required.  Test  areas  will  be  maintained  and  moni¬ 
tored  for  3  to  5  years  by  the  Huntington  District.  The  plans  and 
descriptions  are  contained  in  the  enclosed  Public  Notice  and  Environ¬ 
mental  Assessment. 

3.  Coordination.  An  agreement  was  made  with  the  City  of  Ravenswood 
for  non-Federal  cooperation  necessary  for  the  construction  and  mainten¬ 
ance  of  the  project.  Concerned  West  Virginia  U.  S.  Representatives  and 
Senators  have  submitted  their  views  in  favor  of  the  project.  The  Public 
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Notice  dated  September  3,  1976,  was  sent  to  the  Governor  of  West  Vir¬ 
ginia,  all  concerned  Senators  and  Representatives,  appropriate  Federal, 
State,  and  local  agencies. 

4.  Objections  Received  from  Public  Notice.  No  objections  or  requests 
for  a  public  meeting  were  received  as  a  result  of  the  Public  Notice. 

5.  Comments  from  Federal,  State  and  Local  Agencies.  Responses  were 
received  from  the  U.  S.  Environmental  Protection  Agency  and  the  Bureau 
of  Sport  Fisheries  and  Wildlife.  The  EPA  has  no  objections  to  the 
project  and  said  the  long  term  effect  would  be  to  improve  water  quality. 
They  requested  that  turbibity  increases  be  minimized  during  construction 
and  that  vegetated  areas  which  are  disturbed  be  stabilized  as  soon  as 
possible.  The  Bureau  of  Sport  Fisheries  and  Wildlife  recommended  that 
vegetation  along  the  bank  be  preserved,  especially  the  large  trees  and 
habitat  in  the  Ravenswood  Park  area.  Hand  placement  of  the  riprap  should 
be  done  if  necessary. 

6.  Response  from  District  Engineer.  The  construction  work  will  be 
planned  and  monitored  to  decrease  the  amount  of  sediment  entering  the 
river.  Most  larger  trees  will  be  preserved  along  the  bank  as  these  will 
help  to  anchor  the  bank  soil.  The  planting  of  willow,  cottonwood  and 
grass  at  the  various  sites  will  replace  vegetation  lost  in  grading. 

7.  Probable  Effects  of  the  Proposed  Project. 

(a)  Navigation.  There  would  be  no  effects  on  navigation. 

(b)  Flood  Heights  and  Damage  Protection.  There  will  be  no  effect 
on  flood  heights.  Damage  to  the  bank  and  adjacent  roadway  will  probably 
be  minor  or  prevented  in  the  event  of  flood  heights. 

(c)  Bank  Erosion.  The  project  should  control  bank  erosion  within 
the  project  area  to  different  degrees  depending  on  the  method  used.  The 
success  of  each  scheme  will  be  judged  over  the  next  five  years. 
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(d)  Conservation.  The  bank  stabilization  would  prevent  loss  of 
valuable  land  and  soil  due  to  erosion.  The  larger  trees  within  the  work 
area  will  be  preserved  and  prevented  from  being  lost  due  to  erosion 
under-raining . 

(e)  Fish  and  Wildlife.  The  area  to  be  stabilized  contains  only  a 
small  amount  of  permanent  cover  for  wildlife  because  of  the  periodic 
erosion  and  slumping.  All  of  the  schemes  would  required  planting  vege¬ 
tative  cover  where  practical.  In  cases  where  the  bank  must  be  cut  or 
graded,  selected  trees  will  be  saved.  Granular  filled  areas  will  be 
planted  with  grass,  or  willows  and  cottonwoods.  Sedimentation  will  be 
reduced  and  should  improve  the  habitat  for  benthic  and  fish  life  along 
the  bank. 

(f)  Water  Quality.  Water  quality  will  be  improved  because  of  the 
elimination  of  sedimentation  from  the  bank.  The  quarry  run  stone  and 
gravel  will  not  contribute  any  pollution  into  the  river.  Some  sedimen¬ 
tation  would  result  from  the  construction. 

(g)  Aesthetics.  The  appearance  of  the  bank  will  be  improved  in 
contrast  to  the  previously  eroding  bank.  Permanent  vegetation  will  be 
established  and  the  appearance  of  the  shoreline  near  the  park  will  be 
Improved  to  the  benefit  of  users. 

(h)  Ecology.  The  modification  of  the  bank  would  disrupt  the 
ecology  of  the  immediate  area  but  a  more  stable  relationship  between 
animal  and  plant  life  would  be  established. 

(i)  Historic  Value.  The  National  Register  of  Historic  Places  was 
consulted  and  no  sites  would  be  affected  by  the  project.  One  archeo¬ 
logical  site  (46-JA  7)  is  located  on  the  high  terrace  north  of  the 
junction  of  Sandy  Creek  and  the  Ohio  River  immediately  adjacent  to  the 
area  of  the  proposed  action.  It  is  located  on  State  property  and  will 
not  be  disturbed  by  the  proposed  action. 

(j)  Recreation.  The  Ravenswood  City  Park  adjoins  one  section  of 
the  project  area  and  the  proposed  work  will  enhance  the  value  of  the 
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park  for  users.  Mature  trees  along  the  bank  are  In  danger  of  falling 
into  the  river  and  will  be  protected.  The  fill  materials  next  to  the 
water  will  improve  the  footing  and  access  for  bank  fishermen. 

(k)  Economy.  The  proposed  work  will  save  the  City  of  Ravenswood 
and  private  property  owners  the  cost  of  periodic  attempts  to  stabilize 
the  bank  and  repair  Water  Street  which  parallels  the  bank.  Private 
residential  building  and  public  property  along  the  shore  will  have  their 
value  maintained.  The  construction  work  could  provide  temporary  employ¬ 
ment  and  economic  stimulus  for  construction  services  in  the  area. 

(l)  Water  Supply.  The  water  supply  for  the  City  of  Ravenswood 
would  not  be  affected. 

(m)  Land  Use  Classification.  Land  use  plans  for  the  City  and 
private  land  owners  would  not  be  adversely  affected  or  changed.  A 
stabilized  bank  would  make  possible  a  more  definite  plan  for  the  use  of 
the  land  along  the  river.  Most  of  the  work  would  be  within  the  flowage 
easement  of  the  Ohio  River. 

(n)  Public  Interest.  Overall,  the  project  will  be  a  public 
benefit.  The  only  adverse  effects  would  be  the  temporary  disruption 
caused  by  construction  for  about  3  months.  The  results  of  the  evalua¬ 
tion  for  the  effectiveness  of  the  various  schemes  will  enable  the  Corps 
of  Engineers  to  provide  improved  bank  protection  in  the  future. 

8.  Conclusions.  There  are  no  public  objections  and  the  proposed 
project  would  be  beneficial  to  the  economy,  social  well-being,  and  only 
temporarily  disruptive  to  the  natural  environment.  The  project  would 
provide  valuable  information  on  effective  streambank  protection  in  the 
future. 

9.  Recommend at  ions .  It  is  recommended  that  the  streambank  erosion 
control  demonstration  project  at  Ravenswood,  West  Virginia,  be  implemen¬ 
ted  as  planned,  with  consideration  given  to  minimizing  river  turbidity 
and  preserving  trees  in  the  project  area. 
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SCHEME  A:  LOOKING  DOWNSTREAM  BEFORE  CONSTRUCTION 


SCHEME  A:  LOOKING  UPSTREAM  DURING  CONSTRUCTION 


EXHIBIT  II-1 
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EXHIBIT  II-2 
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EXHIBIT  II-3 


D-5-30 


SCHEME  B:  LOOKING  UPSTREAM  AFTER  CONSTRUCTION 


EXHIBIT  1 1-4 
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SCHEME  C:  LOOKING  DOWNSTREAM  DURING  CONSTRUCTION 
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SCHEME  C:  LOOKING  DOWNSTREAM  AFTER  CONSTRUCTION 


OHIO  RIVER 
SOUTH  POINT,  OHIO 


Section  32  Program  Streambank  Erosion  Control 
Evaluation  and  Demonstration  Act  of  1974 

OHIO  RIVER  AT  SOUTH  POINT,  OHIO 
DEMONSTRATION  PROJECT  PERFORMANCE  REPORT 

I .  INTRODUCTION 

A.  Project  Name  and  Location.  South  Point,  Lawrence  County,  Ohio, 
along  the  right  descending  bank  at  and  for  a  1600  foot  reach  below  ORM 
316.7  with  State  Coordinate  System  references  of  N  151,264.3  and  E 
1,975,085.1.  Exhibit  No.  1-1  shows  the  project  location. 

B.  Authority.  Streambank  Erosion  Control  Evaluation  and  Demonstration 
Act  of  1974,  Section  32,  P.L.  93-251. 

C.  Purpose  and  Scope.  This  report  describes  a  bank  failure  and  erosion 
condition,  types  of  treatments  used,  and  a  performance  evaluation  of  a 
demonstration  project  on  the  Ohio  River  designed  and  monitored  by  the 
Huntington  District. 

D.  Problem  Resume.  The  right  bank  of  the  Ohio  River  immediately 
upstream  and  opposite  the  confluence  of  the  Big  Sandy  River  and 
downstream  of  a  launch  ramp  and  approximate  to  a  fleeting  area  was 
subject  to  active  upper-bank  failure  and  erosion  with  resultant  top  of 
slope  retreat  and  variable  encroachment  on  fleeting  area  anchorages, 
homesites  and  a  launch  ramp. 

II.  HISTORICAL  DESCRIPTION 

A.  Stream  Description,  General. 

Topography.  The  Ohio  River  at  the  demonstration  site  drains  an 
area  including  Pennsylvania  west  of  the  Allegheny  Mountains  and  portions 
of  Kentucky,  Ohio,  West  Virginia,  New  York,  and  Maryland.  Major 
tributaries  are  the  Allegheny,  Monongahela,  Beaver,  Muskingum,  Little 
Kanawha,  Hocking,  Shade,  Kanawha,  Guyandot,  and  Big  Sandy  Rivers.  The 
topography  of  the  basin  is  characterized  by  mature  development  of  the 
drainage  systems  within  the  Kanawha  Physiographic  Section  of  the 
Appalachian  Plateau  Province.  From  its  origin  at  Pittsburgh,  the  river 
descends  205  feet  along  a  course  of  316.7  miles  to  the  demonstration 
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site.  Relief  at  the  site  is  approximately  800  feet  from  the  river  to 
the  top  of  the  surrounding  valley  walls.  The  river  flows  northwest  at 
the  demonstration  site  following  a  course  with  moderate  curves  of 
approximately  90  degrees  to  110  degrees  and  a  radii  of  about  6  to  7 
miles.  The  natural  stream  gradient  in  this  area  is  about  0.6  foot  per 
mile.  The  valley  floor  is  about  one  and  one-half  mile  in  width.  Stream 
bank  heights  are  from  15  feet  to  20  feet  above  normal  pool  at  the  South 
Point  Project.  The  South  Point,  Ohio,  demonstration  site  is  located 
along  a  wide  alluvium  terrace  opposite  the  Big  Sandy  River  confluence 
and  extending  upstream  6  miles  on  the  inside  of  a  moderate  Ohio  River 
bend. 

2.  Geology.  The  Ohio  River  throughout  its  course  along  the  West 
Virginia-Ohio  border  has  become  entrenched  in  sedimentary  strata  of 
Pennsylvanian  and  older  periods.  These  strata  are  made  up  of 
interbedded  sandstones,  siltstones,  clay,  shales,  limestones,  and 
coals.  The  bedrock  valley  of  the  Ohio  River  contains  outwash  from  the 
Wisconsin  Glacier  overlain  by  recent  alluvium.  In  the  portion  of  the 
Ohio  Valley  within  the  project  reach,  the  outwash  is  predominantly 
gravel,  and  gravelly  sand  overlain  by  sand,  silty  sand  and  clayey 
silt.  Since  the  last  glacial  episode,  the  Ohio  River  has  been  cutting 
through  and  laterally  into  these  materials  with  river  terraces  remaining 
as  eroslonal  remanents  at  various  elevations  in  outwash  and  alluvium  and 
most  often  by  point  bar  accretion  with  the  forming  of  a  well  defined 
flood  plain.  In  the  study  area,  the  Ohio  River  is  underlain  by  fill  and 
outwash  to  depths  of  approximately  40  feet. 

The  Ohio  River  channel  has  changed  location  by  lateral  cutting  and 
filling  within  the  alluvium  and  outwash  which  fills  the  bedrock 
valley.  The  channel  is,  however,  often  bedrock  controlled  at  its 
present  location  on  one  side  of  the  Pleistocene  ef fects-def ined 
valley.  One  bank  often  consists  of  flood  plain  deposits  and  the  other 
rock  outcrop  or  colluvial  soils  which  have  accumulated  by  weathering, 
creep,  and  landslides.  The  colluvial  soils  are  generally  stiff  silty 
clays  with  angular  rock  fragments  and  little  or  no  layering.  These 
soils  tend  to  be  somewhat  resistant  to  river  related  erosion. 
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3.  Locality,  Development,  and  Occupation.  The  Ohio  River  valley 
in  the  vicinity  of  the  demonstration  site  has  a  diverse  urban  and 
industrial  land  use.  Over  the  past  one  hundred  years  most  of  these 
broad  agricultural  bottoms  have  been  acquired  for  industrial 
development.  Within  the  Greenup  navigation  pool,  the  river  valley 
contains  several  small  cities  including  Greenup,  Worthington,  Russell, 
Ashland,  and  Catlettsburg  in  Kentucky,  and  Ironton,  Coal  Grove  in  Ohio. 
Local  industries  include  coal  mining,  quarries,  crude  oil  refining, 
steel  and  chemical  production,  and  light  manufacturing.  The  river  is 
paralleled  by  railroads  and  highways  located  approximate  to  both  banks. 

The  Ohio  River  drainage  has  been  an  important  transportation  system 
since  prehistory  and  has  been  improved  for  navigation  beginning  in  1824 
when  Congress  provided  for  removal  of  obstructions  such  as  bars  and 
snags.  For  many  years  river  navigation  use  was  addressed  by  open 
channel  improvements  only.  In  addition  to  removal  of  channel 
obstructions,  stone  training  dikes  were  constructed  at  various  bars  to 
restrict  more  frequent  flows  to  the  defined  channel.  The  first  movable 
dam  on  the  Ohio  River  was  located  at  Davis  Island,  4.7  miles  below 
Pittsburgh,  and  opened  to  commerce  October  7,  1885.  A  system  of  locks 
and  movable  dams  was  eventually  constructed  along  the  entire  Ohio 
River.  In  1916,  Lock  and  Dam  29  was  put  into  operation  3  miles 
downstream  of  the  demonstration  site.  These  early  dams  Incorporated  a 
navigable  pass  to  provide  a  channel  for  open  river  navigation  during 
periods  of  high  flow.  A  series  of  wickets,  heavy  timber  shutters,  were 
raised  to  impound  water  as  needed  to  maintain  a  navigation  pool.  When 
not  required,  the  wickets  would  lie  flat  at  such  a  depth  as  to  offer  no 
obstruction  to  free  navigation  through  the  pass.  Replacement  of  these 
original  navigation  dams  with  fixed,  gated  structures  having  higher 
lifts  has  been  ongoing.  In  1961,  Greenup  Locks  and  Dam  went  into  full 
operation  and  Lock  and  Dam  29  was  removed. 

4.  Hydrologic  Characteristics.  The  climate  of  the  site  reach  and 
Ohio  River  is  continental  with  marked  contrasts  and  average  annual 
temperatures  of  about  54°F  and  an  average  annual  precipitation  of  44” 
rainfall.  The  period  from  1970  through  1976  was  determined  to  be  wetter 


than  average.  1979  was  a  wet  year  while  1980  was  average  and  1981  (from 
1  October  1980  to  February  1981)  was  dryer  than  average.  Ice  occurs  on 
all  rivers  and  streams  in  the  basin  with  the  Ohio  River  being  froze  over 
for  nearly  the  entire  length  and  at  this  site  in  the  winters  of  1976-77 
and  1977-78.  Major  floods  affecting  the  Ohio  River  occurred  in  March 
1913,  March  1936,  January  1937,  March  1945,  and  March  1964. 

5.  Existing  Channel  Conditions.  The  sinuosity  of  the  channel  was 
described  in  paragraph  II. A.  1.  The  channel  location  and  width-depth 
relationships  have  been  relatively  stable  within  historical  time. 
Virginia  Point  is  located  on  the  opposite  bank  and  immediately  upstream 
of  the  South  Point,  Ohio,  Demonstration  Site. 

6.  Environmental  Considerations.  Active  farming  and  old  fields 
are  frequently  encountered  within  the  Ohio  River  floodplain  area.  The 
steep  hillsides  adjacent  to  the  valley  floor  are  primarily  undeveloped 
and  consist  of  second  growth  woodlands.  Within  the  floodplain, 
vegetation  associated  with  farming  and  frequent  site  disturbance 
prevails.  Along  the  river  bottom  land,  willow,  silver  maple,  and 
sycamore  occur  most  frequently.  On  the  hillsides  and  in  areas  of  bank 
and  slope  above  ordinary  high  water,  oaks,  beech,  red  maple,  ash,  black 
cherry  and  walnut  exist.  Nails,  spikes,  eye  bolts,  cables  and  physical 
damage  from  river  traffic  are  also  evident  in  some  trees. 

Fish  in  the  project  area  include  channel  catfish,  carp,  smallmouth 
bass,  white  bass,  pumpkinseed,  bluegill,  white  crappie,  shiners,  perch, 
skipjacks  and  gizzard  shad.  Excellent  warm-water  fisheries  have 
developed  at  or  near  the  mouths  of  several  of  the  tributary  streams. 
Area  wildlife  resources  include  mourning  doves,  bobwhite  quail,  and 
cottontail  rabbits  in  the  approximate  agricultural  areas,  while  ruffed 
grouse  and  squirrels  inhabit  the  uplands.  Whitetailed  deer  are  present 
in  the  adjacent  uplands  and  also  range  into  the  valley  at  the  site.  The 
Ohio  River  also  provides  resting  and  feeding  opportunities  for  several 
species  of  migratory  waterfowl.  Muskrat,  raccoon,  and  fox  are  some  of 
the  fur  animals  in  the  area. 

This  reach  of  the  Ohio  River  is  exposed  to  various  types  of 
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pollution  which  tend  to  affect  aquatic  life  and  generally  detract  from 
the  aesthetic  value  of  the  river.  Organic  matter,  chemicals,  sediment, 
and  colloidal  material  contribute  to  degraded  water  quality,  with 
seasonal  variations  also  resulting  from  changes  in  flow  and  temperature. 

An  environmental  assessment  was  prepared  in  accordance  with  Section 
404(b)  of  Public  Law  92-500.  Impacts  of  construction  at  the  site  were 
addressed  in  the  assessment  and  the  effects  of  each  bank  protection 
scheme  were  considered,  as  were  total  project  effects.  Modifications  to 
the  rlverbank  during  construction  will  cause  localized  and  minor  adverse 
ecological  effects  including  degraded  water  quality.  Construction  of 
this  project  was  determined  to  result  in  net  beneficial  environmental 
effects  within  the  rlverbank  area. 

B.  Demonstration  Project. 

1.  Hydrologic  Characteristics.  Channel  cross  sections  have  been 
determined  to  be  generally  consistent  as  to  width-depth  relationships 
and  historical  features  including  Virginia  Point.  The  river  channel  in 
the  Immediate  vicinity  of  the  demonstration  project  has  been  subject  to 
sand  and  gravel  dredging.  Ice  formation  in  the  project  area  has  become 
significant  during  unusually  severe  winters.  Ice  movement  is  not  a 
factor  in  bank  erosion  at  the  site. 

2.  Hydraulic  Characteristics.  Average  velocities  have,  during 
frequently  occurring  excessive  flow  events,  been  determined  as  from  5  to 
7  feet  per  second  within  the  Ohio  River  channel.  Waves  have  been 
observed  and  monitored  under  various  wind  and  traffic  conditions. 
Maximum  wave  height  was  approximately  two  feet.  The  minimum  pool  for 
navigation  use  is  retained  at  elevation  515  by  the  Greenup  Locks  and  Dam 
25  miles  downstream.  The  dam  gates  are  raised  to  pass  high  flows,  so 
that  the  influence  of  the  dam  on  the  river  decreases  with  increasing 
flow.  The  Influence  of  these  navigation  dams  during  excessive  flow 
events  is  insignificant.  Prior  to  the  completion  of  the  Greenup  Locks 
and  Dam  in  1961,  the  Ohio  River  at  the  demonstration  site  was  maintained 
at  minimum  pool  elevation  498.5  by  Lock  and  Dam  29. 
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3.  Riverbank  Description.  The  riverbank  at  the  demonstration  site 
is  approximate  to  barge  mooring  facilities  and  landing  and  includes  fill 
and  an  abandoned  road  and  is  characterized  by  moderate  height  and 
variable  slopes.  The  bank  is  composed  of  fine  grained  alluvium 
deposited  as  point  bars  and  during  overbank  event  falling  stages.  These 
interbedded  and  lnterlensing  sediments  include  silty  clays  overlying 
silty  sands  and  sands.  In  the  project  reach  of  bank,  dump  debris  and 
random  filling  are  frequently  encountered.  A  typical  geotechnical  cross 
section  of  the  project  site  is  referenced  as  Exhibit  1-7. 

The  area  immediately  landward  of  the  top  of  bank  has  low  relief  and 
is  utilized  for  home  sites. 

Most  failure  of  banks  at  this  site  occurs  during  flood  events  and 
as  the  river  returns  to  near  normal  stages.  A  frequently  encountered 
failure  sequence  in  these  alluvium  includes  internal  erosion  of  sand  and 
silty  sand  by  groundwater  flowing  out  of  the  riverbank,  referenced  as 
"piping"  with  resultant  weakening  of  overlying  soils.  The  bank  then 
fails  by  drawdown-related  slumpages  as  the  river  falls  from  flood  stages 
with  current  related  erosion  of  in  situ  soils  and  the  failed  debris. 

The  District  has  been  aware  of  bank  failure  and  erosion  at  this 
site  since  historical  times  and  inclusive  of  the  channelization 
period.  Photographs  submitted  as  Exhibit  Nos.  II-l  thru  1 1-8  indicate 
the  condition  of  the  bank  prior  to  construction,  during  construction, 
and  after  construction  of  the  demonstration  project. 

III.  DESIGN  AND  CONSTRUCTION 

A.  General.  The  South  Point,  Ohio,  site  was  used  to  evaluate  four 
different  schemes  of  bank  protection  along  a  reach  of  rather  consistent 
upper  bank  topography.  Regrading  of  failure  and  erosion-defined  bank 
topography  was  required. 

B.  Basis  for  Design.  Treatments  were  intended  to  generally  address 
upper  bank  conditions  at  and  upslope  of  the  normal  pool  land-water 
contact.  These  materials  were  not  intended  to  protect  against 
mechanisms  which  are  most  significant  and  occur  during  major  storms  and 


floods.  The  structural  features  included  a  series  of  variations  on 
conventional  stone  bank  protection  design  utilizing  economical,  locally 
available  materials.  Placement  of  these  materials  was  somewhat  labor 
intensive  but  was  Included  as  being  feasible  for  use  by  small  property 
owners  with  limited  financial  resources.  Vegetation  covers  included 
grasses . 

C.  Construction  Details.  Waste  concrete,  rock  spoil,  tire  mats  and 
granular  fill  were  placed  as  indicated  on  Exhibit  Nos.  1-2  thru  1-5. 
Treatments  were  completed  in  1981  and  included  these  materials: 

Scheme  A  -  Regraded  upper  bank  protection  with  concrete  waste 
and  rock  spoil. 

Scheme  B  -  Upper  bank  protected  with  tire  mats  on  filter  cloth- 
reinforced  sand  fill. 

Scheme  C  -  Tire  mat  protection  of  regraded  upper  bank. 

Scheme  D  -  Waste  concrete  buttress  of  upper  bank. 

D.  Costs.  These  treatments  were  constructed  during  the  period  from 
September  1980  thru  January  1981.  Total  cost  including  monies  to 
construct  was  $281,500.  A  cost  breakdown  for  each  test  section,  showing 
cost  per  lineal  foot  and  cost  per  square  foot,  is  included  as  Exhibit 
No.  1-6. 


IV.  PERFORMANCE  OF  PROTECTION 

A.  Monitoring  Program.  Monitoring  Included  reach  of  river  and  site 
specific  reconnaissance,  photography,  mapping,  sampling,  and 
evaluations.  Piezometers  were  Installed  in  June  1981  and  readings  are 
scheduled  to  begin  in  July  1981.  Sequential  and  referenced  photographs 
for  this  site  are  included  as  Exhibit  No.  II.  Site  location  maps, 
plans,  reference  points,  sections,  profiles,  and  details  are  included  as 
Exhibit  No.  I. 
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B.  Evaluation  of  Protection  Performance. 

1.  General.  All  treatments  have  most  probably  reduced  erosive 
losses  of  bank  materials.  The  post  construction  period  has  not  been 
sufficient  to  determine  performance  of  protection  treatments. 

2.  Scheme  A  and  Scheme  D.  The  waste  concrete  and  rock  spoil 
protections  show  no  displacement;  however ,  evidence  of  fine  losses  during 
flood  events  indicate  a  misutilization  of  material  selection. 

3.  Scheme  B  and  Scheme  C.  The  tire  mats  evidence  misalignment  and 
breaks  in  filter  cloth  joints  with  loss  of  granular  fill  and  sand  during 
flood  events. 

C.  Rehabilitation.  No  rehabilitation  work  has  been  performed. 

D.  Summary  of  Findings.  Section  A,  the  upstream  treatment  section  of 
the  project,  consists  of  regraded  bank  covered  by  filter  cloth  and  waste 
rock.  The  upriver  reach  of  this  treatment  section  has  been  extended  100 
feet  by  the  additional  placement  of  waste  rock.  This  test  section 
evidences  failures  and  spalling,  weathering,  and  deterioration  of  in 
place  materials  and  a  loss  of  finer  fractions  and  weathering  products  of 
these  slltstones  and  silty  shales  exposing  filter  cloth  at  several 
locations  within  the  treatment  section.  Some  piping  and  related 
slumpages  in  upper  bank  area  approximate  to  these  treatments  is  evident 
and  treatment  distress  is  noted  both  within  these  and  the  waste  concrete 
test  sections.  The  reinforced  granular  fill  at  Section  B  is  distressed 
by  the  loss  of  materials  at  breaks  in  the  filter  cloth.  Section  B  and  C 
tire  mat  treatments  are  misaligned  and  evidence  a  loss  of  protective 
sand  cover  over  the  filter  cloth.  Continuing  material  losses  are 
resulting  in  the  failure  of  these  treatment  systems  and  will  require 
reconstruction.  Waste  concrete  placed  at  the  most  downriver  treatment, 
Section  D,  is  performing  satisfactorily  but  with  loss  of  finer  fractions 
leaving  large  masses  of  waste  concrete  without  interconnection.  This 
treatment  has  been  inundated  by  excessive  flow  events  of  22  to  26 
February  1981  and  8  to  12  June  1981.  These  treatments  have  lost 
protective  materials;  however,  an  overall  reduction  in  losses  of  bank 
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alluvium  has  been  effected.  Reconstruction  of  some  reaches  utilizing 
waste  concrete  and  rock  is  required.  Upper  bank  seepage  and  related 
failures  have  continued.  Sediments  have  not  accumulated  within  the  mat 
protection.  Upper  bank  accumulations  of  sandy  fine  silts  to  a  depth  of 
l/10th  inch  were  noted.  Vegetation  cover  at  this  site  has  been 
effected;  however,  mowing  by  the  City  of  South  Point,  Ohio,  may  be 
detrimental. 
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EXHIBIT  1-4 
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SOUTH  POINT,  OHIO 


COST  SUMMARY 

South  Point,  Ohio,  Demonstration  Project 

ITEM  TOTAL  COST  COMMENTS 


Construction 

$ 

191,430 

Engineering  & 

Design 

69,080 

Supervision  & 
Administration 

20,825 

Monitoring 

150 

Reconstruction 

0 

TOTAL 

$ 

281,485 

CONSTRUCTION  COST  FOR  EACH  TREATMENT 


Type  of  Protection 


Scheme  A: 
Scheme  B: 
Scheme  C: 
Scheme  D: 


rockspoil 
granular  fill 
tire  mat 
concrete  waste 


Cost  per 
Lineal  foot 

$  82.66 
275.00 
149.25 
71.03 


Cost  per 
square  foot 

$  2.76 
6.11 
4.98 
2.84 


These  cost  include  all  preparation  of  slopes  and  installation 


EXHIBIT  1-6 


D-6-15 


530 


EXHIBIT  1-7  (SHEET  1  OF  2) 
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GEOTECHNICAL  CROSS  SECTION 


SCHEME  A:  LOOKING  UPSTREAM  BEFORE  CONSTRUCTION 


SCHEME  A:  LOOKING  DOWNSTREAM  DURING  CONSTRUCTION 


EXHIBIT  II-1 
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SCHEME  B:  LOOKING  UPSTREAM  AFTER  CONSTRUCTION 


EXHIBIT  II-4 


D-6-21 


SCHEME  D:  LOOKING  DOWNSTREAM  AFTER  CONSTRUCTION 


EXHIBIT  1 1-8 
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Section  32  Program  Streambank  Erosion  Control 
Evaluation  and  Demonstration  Act  of  1974 

OHIO  RIVER  AT  PORTSMOUTH,  OHIO 
DEMONSTRATION  PROJECT  PERFORMANCE  REPORT 

I.  INTRODUCTION 

A.  Project  Name  and  Location.  Portsmouth,  Scioto  County,  Ohio,  along 
the  right  descending  bank  at  and  for  a  1600  foot  reach  below  Ohio  River 
Mile  355.1  with  State  Coordinate  System  references  of  Northing  268,773.7 
and  Easting  1,575,004.6.  Exhibit  No.  1-1  shows  the  project  location. 

B.  Authority.  Streambank  Erosion  Control  Evaluation  and  Demonstration 
Act  of  1974,  Section  32,  P.L.  93-251. 

C.  Purpose  and  Scope.  This  report  describes  a  bank  failure  and  erosion 
condition,  types  of  treatments  used,  and  a  performance  evaluation  of  a 
demonstration  project  on  the  Ohio  River  designed  and  monitored  by  the 
Huntington  District. 

D.  Problem  Resume.  The  right  bank  of  the  Ohio  River  upstream  of  the 
Scioto  River  and  the  General  U.S.  Grant  Highway  Bridge  and  downstream  of 
a  ferry  landing  was  subject  to  active  failure  and  erosion  with  resultant 
top  of  slope  retreat  and  variable  encroachment  on  a  marina,  city  lands 
including  trailer  park  facilities  and  utilities  and  a  ferry  landing. 

II.  HISTORICAL  DESCRIPTION 
A.  Stream  Description,  General. 

1.  Topography.  The  Ohio  River  at  the  demonstration  site  drains  an 
area  including  Pennsylvania  west  of  the  Allegheny  Mountains  and  portions 
of  Kentucky,  Ohio,  West  Virginia,  New  York,  and  Maryland.  Major 
tributaries  are  the  Allegheny,  Monongahela,  Beaver,  Muskingum,  Little 
Kanawha,  Hocking,  Shade,  Kanawha,  Guyandot,  Big  Sandy,  and  Little  Scioto 
Rivers.  The  topography  of  the  basin  is  characterized  by  mature 
development  of  drainage  systems  within  the  Kanawha  Physiographic  Section 
of  the  Appalachian  Plateau  Province.  From  its  origin  at  Pittsburgh  the 
river  descends  220  feet  along  a  course  of  355.7  miles  to  the  demonstra¬ 
tion  site.  Relief  at  the  site  is  approximately  650  feet  from  the  river 
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to  the  top  of  the  surrounding  valley  walls.  The  river  flows  southwest 
at  the  demonstration  site  following  a  course  with  broad  curves  varying 
from  90  degrees  to  130  degrees  and  radii  of  2  to  3  miles.  The  natural 
stream  gradient  in  this  area  is  about  0.6  foot  per  mile.  The  valley 
floor  is  about  one  mile  in  width.  Stream  bank  heights  are  from  42  feet 
at  Wheelersburg,  Ohio,  to  23  feet  above  normal  pool  at  the  Portsmouth 
Project.  The  Portsmouth,  Ohio,  demonstration  site  is  located  along  a 
wide  alluvium  terrace  near  the  Scioto  River  confluence  and  extending 
upstream  6  miles  on  the  outside  of  a  shallow  bend  and  a  straight  away 
reach  of  the  Ohio  River. 

2.  Geology.  The  Ohio  River  throughout  its  course  along  the  West 
Virglnia-Ohio  border  has  become  entrenched  in  sedimentary  strata  of 
Pennsylvanian  and  older  periods.  These  strata  are  made  up  of 
interbedded  sandstones,  siltstones,  clays,  shales,  limestones,  and 
coals.  The  bedrock  valley  of  the  Ohio  River  contains  outwash  from  the 
Wisconsin  Glacier  overlain  by  recent  alluvium.  In  the  portion  of  the 
Ohio  Valley  within  the  project  reach,  the  outwash  is  predominantly 
gravel,  sand  and  gravel,  and  gravelly  sand  overlain  by  sand,  silty  sand, 
and  clayey  silt.  Since  the  last  glacial  episode,  the  Ohio  River  has 
been  cutting  through  and  laterally  into  these  materials  with  river 
terraces  remaining  as  eroslonal  remanents  at  various  elevations  in 
outwash  and  alluvium  and  most  often  by  point  bar  accretion  with  the 
forming  of  a  well-defined  flood  plain.  In  the  study  area,  the  Ohio 
River  is  still  underlain  by  fill  and  outwash  to  depths  of  approximately 
35  feet. 

The  Ohio  River  channel  has  changed  location  by  lateral  cutting  and 
filling  within  the  alluvium  and  outwash  which  fills  the  bedrock 
valley.  The  channel  is,  however,  often  bedrock-controlled  at  its 
location  on  one  side  of  the  Pleistocene  ef fects-def ined  valley.  One 
bank  often  consists  of  flood  plain  deposits  and  the  other  of  rock  out¬ 
crops  or  colluvial  soil  which  have  accumulated  by  weathering,  creep,  and 
landslides.  The  colluvial  soils  are  generally  stiff  silty  clays  with 
angular  rock  fragments  and  little  or  no  layering.  These  soils  tend  to 
be  somewhat  resistant  to  river  related  erosion. 
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3.  Locality,  Development,  and  Occupation.  The  Ohio  River  Valley 
in  the  vicinity  of  the  demonstration  site  has  a  diverse  and  urban 
industrial  land  use.  Over  the  past  one  hundred  years  most  of  these 
broad  agricultural  bottoms  have  been  acquired  for  industrial 
development.  Within  the  Meldahl  navigation  pool  the  river  valley 
contains  several  small  cities  including  Augusta,  Dover,  Maysville,  and 
Vanceburg  in  Kentucky  and  Chilo,  Higginsport,  Manchester,  Buena  Vista, 
Portsmouth  and  Sciotoville  in  Ohio.  Local  industries  include  coal 
mining,  quarries,  steel  and  chemical  production,  electric  power 
generation,  and  a  variety  of  light  manufacturing.  The  river  is 
paralleled  by  railroads  and  highways  located  approximate  to  both  banks. 

The  Ohio  River  drainage  has  been  an  important  transportation  system 
since  prehistory  and  has  been  improved  for  navigation  beginning  in  1824 
when  Congress  provided  for  removal  of  obstructions  such  as  bars  and 
snags.  For  many  years  river  navigation  use  was  addressed  by  open 
channel  Improvements  only.  In  addition  to  removal  of  channel  obstruc¬ 
tions,  stone  training  dikes  were  constructed  at  various  bars  to  restrict 
more  frequent  flows  to  the  defined  channel.  Hie  first  movable  dam  on 
the  Ohio  River  was  located  at  Davis  Island,  4.7  miles  below  Pittsburgh, 
and  opened  to  commerce  October  7,  1885.  A  system  of  locks  and  movable 
dams  was  eventually  constructed  along  the  entire  Ohio  River.  In  1919, 
lx>ck  and  Dam  31  was  put  into  operation  3  miles  downstream  of  the  demon¬ 
stration  site.  These  early  dams  incorporated  a  navigable  pass  to 
provide  a  channel  for  open  river  navigation  during  periods  of  high 
flow.  A  series  of  wickets,  heavy  timber  shutters,  were  raised  to 
Impound  water  as  needed  to  maintain  a  navigation  pool.  When  not 
required,  the  wickets  would  lie  flat  at  such  a  depth  as  to  offer  no 
obstruction  to  free  navigation  through  the  pass.  Replacement  of  these 
original  navigation  dams  with  fixed,  gated  structures  having  higher 
lifts  has  been  ongoing.  In  1964,  Meldahl  Locks  and  Dam  went  into  full 
operation  and  Lock  and  Dam  31  was  removed. 

4.  Hydrologic  Characteristics.  The  climate  of  the  site  reach  and 
Ohio  River  is  continental  with  marked  contrasts  and  average  annual 


D-7-3 


temperatures  of  about  54°F  and  an  average  annual  precipitation  of  44“ 
rainfall.  The  period  from  1970  through  1976  was  determined  to  be  wetter 
than  average.  1979  was  a  wet  year  while  1980  was  average  and  1981  (from 
1  October  1980  to  February  1981)  was  dryer  than  average.  Ice  occurs  on 
all  rivers  and  streams  in  the  basin  with  the  Ohio  River  being  froze  over 
for  nearly  the  entire  length  and  at  this  site  in  the  winters  of  1976-77 
and  1977-78.  Major  floods  affecting  the  Ohio  River  occurred  in  March 
1913,  March  1936,  January  1937,  March  1945,  and  March  1964. 

5.  Existing  Channel  Conditions.  The  sinuosity  of  the  channel  was 
described  in  paragraph  II.A.l.  The  channel  location  and  width-depth 
relationships  have  been  relatively  stable  within  historical  time.  A 
velocity  profile  and  channel  cross  section  is  Included  as  Exhibit  1-8. 

6.  Environmental  Considerations.  Active  farming  and  old  fields 
are  frequently  encountered  within  the  Ohio  River  floodplain  area.  The 
steep  hillsides  adjacent  to  the  valley  floor  are  primarily  undeveloped 
and  consist  of  second  growth  woodlands.  Within  the  floodplain,  vegeta¬ 
tion  associated  with  farming  and  frequent  site  disturbance  prevails. 
Along  the  river  bottom  land,  silver  maple  and  willow  occur  more 
frequently.  On  the  hillsides  and  in  areas  of  bank  and  slope  above 
ordinary  high  water,  oaks,  beech,  red  maple,  ash,  black  cherry  and 
walnut  exist.  Nails,  spikes,  eye  bolts,  cables  and  physical  damage  from 
river  traffic  are  also  evident  in  many  specimens. 

Fish  in  the  project  area  include  channel  catfish,  carp,  spotted 
bass,  largemouth  bass,  smallmouth  bass,  white  bass,  pumpklnseed,  blue- 
gill,  white  crappie,  shiners,  perch,  skipjacks,  gizzard  shad  and  golden 
redhorse.  Excellent  warm-water  fisheries  have  developed  at  or  near  the 
mouths  of  several  tributary  streams.  Area  wildlife  resources  Include 
mourning  doves,  bobwhite  quail,  and  cottontail  rabbits  in  the  approxi¬ 
mate  agricultural  areas,  while  ruffed  grouse  and  squirrels  Inhabit  the 
uplands.  Whitetailed  deer  are  present  in  the  adjacent  uplands  and  also 
range  into  the  valley.  The  Ohio  River  also  provides  resting  and  feeding 
opportunities  for  several  species  of  migratory  waterfowl.  Muskrat, 
raccoon  and  fox  are  some  of  the  fur  animals  in  the  area. 
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This  reach  of  the  river,  as  with  the  entire  Ohio  in  general,  is 
exposed  to  various  types  of  pollution  which  tend  to  affect  aquatic  life 
and  generally  detract  from  the  aesthetic  value  of  the  river.  Organic 
matter,  chemicals,  sediment,  and  colloidal  material  contribute  to 
relatively  poor  water  quality,  with  seasonal  variations  also  resulting 
from  changes  in  flow  and  temperature. 

An  environmental  assessment  was  prepared  in  accordance  with  Section 
404(b)  of  Public  Law  92-500.  Impacts  of  construction  at  the  site  were 
addressed  in  the  assessment  and  the  effects  of  each  bank  protection 
scheme  were  considered,  as  were  total  project  effects.  Modifications  to 
the  riverbank  during  construction  will  cause  localized  and  minor  adverse 
ecological  effects  including  degraded  water  quality.  Construction  of 
this  project  was  determined  to  result  in  net  beneficial  environmental 
effects  within  the  riverbank  area. 

B.  Demonstration  Project. 


1.  Hydrologic  Characteristics.  Channel  cross  sections  have  been 
determined  to  be  generally  consistent  as  to  width-depth  relationships 
and  prehlstorlcal  features  including  a  low  water  ford.  The  river 
channel  in  the  immediate  vicinity  of  the  demonstration  project  has  not 
been  subject  to  recent  sand  and  gravel  dredging.  Ice  formation  in  the 
project  area  becomes  significant  only  during  unusually  severe  winters. 
Ice  movement  is  not  a  factor  in  bank  erosion  at  the  site. 

2.  Hydraulic  Characteristics.  Average  velocities  have  been  moni¬ 
tored  during  frequently  occurring  excessive  flow  events  and  determined 
as  5  to  7  feet  per  second  within  the  Ohio  River  channel.  Waves  have 
been  observed  and  monitored  under  various  wind  and  traffic  conditions. 
Maximum  wave  height  was  approximately  two  feet.  The  minimum  pool  for 
navigation  use  is  retained  at  elevation  485  by  the  Meldahl  Locks  and  Dam 
80  miles  downstream.  The  dam  gates  are  raised  to  pass  high  flows,  so 
that  the  influence  of  the  dam  on  the  river  decreases  with  increasing 
flow.  The  influence  of  these  navigation  dams  during  excessive  flow 
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events  is  insignificant.  Prior  to  the  completion  of  the  Meldahl  Locks 
and  Dam  in  1964  the  Ohio  River  at  the  demonstration  site  was  maintained 
at  minimum  pool  elevation  483  by  Lock  and  Dam  31.  The  stage  hydrographs 
for  this  project  site  are  referenced  as  Exhibit  1-9. 

3.  River bank  Description.  The  riverbank  at  the  demonstration  site 
is  approximate  to  a  marina  and  ferry  landing  and  includes  extensive  fill 
and  is  characterized  by  moderate  height  and  variable  slopes.  The  bank 
is  composed  of  fine  grained  alluvium  deposited  as  point  bars  and  during 
overbank  event  falling  stages.  These  interbedded  and  interlenslng  sedi¬ 
ments  Include  silty  clays,  overlying  silty  sands  and  sands.  In  the 
project  reach  of  bank  dump  debris  and  random  filling  are  frequently 
encountered.  A  typical  geotechnical  cross  section  of  the  project  site 
is  referenced  as  Exhibit  1-7. 

The  area  Immediately  landward  of  the  top  of  bank  has  low  relief  and 
is  utilized  as  a  park.  Distance  to  an  adjacent  road  is  from  100  to  200 
feet. 

Most  failure  of  banks  at  this  site  occurs  during  flood  events  and 
as  the  river  returns  to  near  normal  stages.  A  frequently  encountered 
failure  sequence  in  these  alluvium  Includes  Internal  erosion  of  sand  and 
silty  sand  by  groundwater  flowing  out  of  the  riverbank,  referenced  as 
"piping”  with  resultant  weakening  of  overlying  soils.  The  bank  then 
fails  by  drawdown-related  a lump ages  and  slabbing  as  the  river  falls  from 
flood  stages  with  current-related  erosion  of  in  situ  soils  and  the 
failed  debris. 

The  District  has  been  aware  of  bank  failure  and  erosion  at  this 
site  since  historical  times  and  inclusive  of  the  channelization 
period.  Photographs  submitted  as  Exhibit  Nos.  II-l  thru  II-8  indicate 
the  condition  of  the  bank  prior  to  construction,  during  construction, 
and  after  construction  of  the  demonstration  project. 
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III.  DESIGN  AND  CONSTRUCTION 


A.  General.  The  Portsmouth,  Ohio,  site  was  used  to  evaluate  four 
different  schemes  of  bank  protection  along  a  reach  of  rather  consistent 
upper  bank  topography.  Regrading  of  failure  and  erosion-defined  bank 
topography  was  required. 

B.  Basis  for  Design.  Treatments  were  intended  to  generally  address 
upper  bank  conditions  at  and  upslope  of  the  normal  pool  land-water 
contact.  These  materials  were  not  intended  to  protect  against  mechan¬ 
isms  which  are  most  significant  and  occur  during  major  storms  and 
floods.  The  structural  features  includes  a  series  of  variations  on 
conventional  stone  bank  protection  design  utilizing  economical,  locally 
available  materials.  Placement  of  these  materials  was  somewhat  labor 
Intensive  but  were  included  as  being  feasible  for  use  by  small  property 
owners  with  limited  financial  resources.  Vegetation  covers  Included 
grasses  and  purpleosier  willow  cutting. 

C.  Construction  Details.  Soil  stabilization  mat,  filter  cloth,  and 
granular  fill  were  placed  as  indicated  on  Exhibit  Nos.  1-2  thru  1-5. 
Treatments  were  completed  in  1977  and  included  the  following  materials: 

Scheme  A  -  Lower  reach  of  upper  bank  protected  with  waste  rock 
from  a  laboratory  table  manufacturer. 

Scheme  B  -  Upper  bank  toe  protection  using  18"  top  size  quarry  run 
stone. 

Scheme  C  -  Upper  bank  toe  protection  using  12”  top  size  quarry  run 
stone. 

Scheme  D  -  Steel  furnance  slag  placed  at  toe  of  the  upper  bank. 

D.  Costs.  These  treatments  were  constructed  during  the  period  from 
October  1976  thru  January  1977.  Total  cost  including  monies  to 
construct  was  $251,000.  A  cost  summary  for  each  test  section,  showing 
cost  per  linear  feet  and  cost  per  square  foot,  is  included  as  Exhibit 
No.  1-6. 
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IV.  PERFORMANCE  OF  PROTECTION 


A.  Monitoring  Programs.  Monitoring  Included  reach  of  river  and  site 
specific  reconnaissance,  photography,  mapping,  sampling,  and 
evaluations.  Piezometers  were  installed  in  June  1981.  General  site 
reconnaissance  and  photography  were  obtained,  post-construction  cross- 
sections  determined  in  the  field  at  completed  treatments  and  velocity 
measurements  obtained  during  excessive  flows  in  April  1977.  Sequential 
and  referenced  photographs  for  this  site  are  included  as  Exhibit  No.  II. 
Site  location  maps,  plans,  reference  points,  sections,  profiles,  and 
details  are  included  as  Exhibit  No.  I. 

B.  Evaluation  of  Protection  Performance. 

1.  General.  All  treatments  have  reduced  erosive  losses  of  bank 
materials.  At  bank  erosion  treatments  failure  conditions  were  observed 
to  occur  above  the  protections  and  in  upper  bank  areas.  Frequently 
encountered  failure  conditions  in  these  alluvium  materials  have  been 
referenced.  Additionally,  bank  failure  and  soil  removal  mechanisms 
considered  in  the  development  of  design  concepts  for  treatment 
alternatives  which  are  not  generally  significant  are:  wind  Induced  and 
navigation-generated  waves;  and  weather  conditions  (rainfall  Impact  and 
runoff,  and  freeze  and  thaw  cycles). 

2.  Scheme  A  and  Scheme  D.  The  waste  rock  and  the  slag  show 
deterioration  and  limited  downslope  movements.  Lower  slope  protection 
remain  largely  intact,  however,  upper  bank  piped  openings  and  drawdown- 
related  scarps  of  limited  area  extent  have  occurred  during  the  post- 
construction  period. 

3.  Scheme  B  and  Scheme  C.  Reaches  of  the  quarry  run  rock 
treatments  have  failed  during  storm  and  flood  events  and  as  a  result  of 
seasonally  persistent  seepages.  The  upper  bank,  which  is  largely  dump 
debris,  has  continued  to  erode  most  often  by  piping  and  overland  flows. 

C.  Rehabilitation.  Rehabilitation  at  Portsmouth,  Ohio,  was  completed 
during  the  spring  of  1979  and  Included  regrading  of  slopes  oversteepened 
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by  piping-related  removal  of  silts  and  fine  sands,  and  by  rapid  drawdown 
failures.  Sandstone  waste  from  a  local  quarry  was  then  placed  on  filter 
cloth  and  revegetation  effected. 

D.  Summary  of  Findings.  Bank  treatments  evidence  distress  as  do  upper 
bank  areas  by  piping,  flood  related  removal  of  soils  and  protection 
materials.  Additionally,  these  materials  have  been  subject  to 
deterioration  from  weathering  processes.  However,  these  characteristics 
were  defined  by  ORDL  testing  and  considered  by  the  designer  in  sizing 
these  materials  and  specifying  sufficient  sections.  The  waste  rock 
materials  in  Treatment  A  indicate  spalling  and  losses.  Within  Section  B 
and  C  the  quarry-run  rock  has  experienced  deterioration.  Loss  of 
material  from  behind  the  stone  protection  by  seepage  through  damaged 
filter  cloth  has  resulted  in  over-steepened  topography,  particularly  in 
upper  bank  areas,  and  these  conditions  required  rehabilitation. 
Additionally,  current  velocity-related  erosion  has  occurred  approximate 
to  large  silver  maples  in  the  upper  slope  areas  and  at  other 
irregularities  within  the  bank  topography.  Section  D  utilized  slag 
protection  which  has  experienced  spalling  and  weathering  and  removal  of 
resulted  fines.  Loss  of  protection  materials  has  not  been  significant 
in  these  reaches  and  no  reconstruction  is  presently  required.  Piping  is 
evident  in  upper  bank  areas  and  at  breaks  in  filter  cloth  and  at 
locations  where  initial  revegetation  efforts  were  damaged  by  high-water 
events  during  the  initial  construction  period.  Losses  of  bank  materials 
by  failure  and  erosion  processes  has  been  reduced  at  this  site  by  these 
treatments  with  willow  and  sycamores  becoming  established  approximate  to 
normal  pool  elevations. 
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VEGETATIVE  COVER 


EXISTING  GROUND  SURFACE 


PORTSMOUTH,  OHIO 


existing  grouno  surface 


EXISTING  GROUND  SURFACE 


PORTSMOUTH,  OHIO 


COST  SUMMARY 

Portsmouth,  Ohio,  Demonstration  Project 


ITEM 


TOTAL  COST  COMMENTS 


Construction 

Engineering  & 
Design 

Supervision  & 
Administration 

Monitoring 

Reconstruction 


TOTAL 


$  193,955 

49,870 

6,675 

1,500 

10,500  Stone,  filter  cloth,  and 

vegetation  materials  lost 
due  to  high  water  during 
construction 

$  262,500 


CONSTRUCTION  COST  FOR  EACH  TREATMENT 


Type  of  Protection 


Cost  per 
Lineal  Foot 


Cost  per 
Square  Foot 


Scheme  A: 
Scheme  B: 
Scheme  C: 
Scheme  D: 


waste  rock 
18"  stone 
12"  stone 
slag 


$  65.38 

114.52 
141.14 
206.61 


$  0.73 
1.15 
1.76 
4.59 


These  costs  include  all  preparation  of  slopes  and  installation 
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EXHIBIT  1-7  (SHEET  1  OF  2) 
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GEOTECHNICAL  CROSS  SECTION 
PORTSMOUTH,  OHIO 


ABBREVIATIONS 


GEOTECHNICAL  CROSS  SECTION 


9  DEC.  1976  EL. 498.5 
PORTSMOUTH,  OHIO 


STAGE  HYDROGRAPHS  AT  PORTSMOUTH.  OHIO 


550.00 


EXHIBIT  1-9  (SHEET  3  OF  5) 
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SCHEME  A:  LOOKING  DOWNSTREAM  AFTER  CONSTRUCTION 
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MICROCOPY  RESOLUTION  TEST  CHART 

NATIONAL  BUREAU  OF  STANDARDS -1963-A 


Section  32  Program  Streambank  Erosion  Control 
Evaluation  and  Demonstration  Act  of  1974 


OHIO  RIVER  AT  MOSCOW,  OHIO 
DEMONSTRATION  PROJECT  PERFORMANCE  REPORT 

I.  INTRODUCTION 


1.  Project  Name  and  Location. 

Moscow,  Ohio,  Protection  Works,  Ohio  River  at  Mile  442.5,  Moscow,  Ohio. 

Plate  1  shows  the  location  plan  and  vicinity  map  for  the  project. 

2.  Authority. 

Streambank  Erosion  Control  Evaluation  and  Demonstration  Act  of  1974,  Section 
32,  Public  Law  93-251. 

3.  Purpose  and  Scope. 

This  report  describes  a  bank  erosion  problem,  the  types  of  bank  protection 
used  and  a  performance  evaluation  of  a  demonstration  project  on  the  Ohio  River 
constructed  and  maintained  by  the  Louisville  District. 

4.  Problem  Resune. 

The  project  is  located  on  the  right  (north)  bank  of  the  Ohio  River  within  the 
Village  of  Moscow,  Ohio,  at  River  Mile  442.5  as  shown  on  the  location  map  in 
Plate  1.  Proposed  stabilization  measures  would  protect  about  650  feet  of 
residential  frontage  upstream  from  a  300-ft  public  wharf  area  and  about  650 
feet  of  residential  frontage  downstream  from  the  wharf.  The  wharf  area,  paved 
with  cobblestones  during  the  last  century,  is  relatively  stable.  The  area  of 
recession  is  the  former  site  of  Water  Street  and  is  mostly  within  the  right- 
of-way  of  Water  Street.  In  recent  years,  stone  retaining  walls  built  along 
the  land  side  of  this  right-of-way  have  begun  to  fall  due  to  recession  of  the 
rlverbank  within  the  right-of-way.  The  amount  of  bank  recession  upstream  and 
downstream  from  the  wharf  area  appears  to  be  about  50  feet.  Since  1970, 


several  measures  have  been  taken  by  local  agencies  and  private  owners  to 
stabilize  the  banks.  These  include:  (l)  Construction  of  a  derrick  stone 
dike  on  the  benched-out  area  at  the  upstream  limit  of  the  problem  area  in 
order  to  protect  two  houses  at  the  eastern  limit  of  Moscow.  (2)  Riprapping 
of  the  steep  portion  of  the  bank  at  the  eastern  limit  of  the  problem  area  to 
protect  the  same  two  houses.  (3)  Riprap,  tires,  and  a  board  fence  have  been 
placed  riverward  of  a  house  at  Walnut  Street.  (4)  Willow  shoots  have  been 
planted  at  random  along  the  benched-out  area  of  the  shore  for  the  entire 
length  of  the  problem  area.  However,  these  piecemeal  attempts  to  solve  the 
problem  have  not  resulted  in  stopping  the  erosion.  If  no  additional  work  were 
done,  the  bank  would  continue  to  be  undermined  and  the  existing  retaining  wall 
along  the  steep  portion  of  the  bank  would  fail.  This  would  expose  the 
foundation  of  14  residences,  several  of  which  are  historically  significant. 

II.  HISTORICAL  DESCRIPTION 

5.  Stream. 

a.  Topography.  Moscow,  Ohio,  is  located  about  midway  along  the  981 
mile  length  of  the  Ohio  River.  Around  Moscow,  the  river  flows  in  a  generally 
northwest  direction.  There  are  several  gradual  bends  in  the  river  along  the 
southeastern  Ohio  border.  Sharp  bends  are  not  present  in  the  area  as  they  are 
in  many  other  areas  of  the  river.  The  topography  of  the  area  is  moderately 
rolling  to  steep.  Much  of  the  terrain  is  forested.  Stream  meander  has  been 
minor  compared  to  other  areas  downstream  which  are  generally  flat  and  have  a 
deep  covering  of  alluvial  overburden.  The  riverbank  at  Moscow  is  about  45 
feet  above  Markland  Dam  normal  pool  455.  Plate  9  is  a  full  natural  river 
cross  section  at  the  project  site. 

b.  Geology.  The  Ohio  River  in  this  reach  is  near  the  southern  limit 
of  Illlnolan  glaciation  and  follows  generally  the  course  of  the  ancestral 
Cincinnati  River. 

Bedrock  in  the  area  is  Upper  and  Middle  Ordovician  Age  limestone,  shales  and 
siltstone.  In  the  valley,  bedrock  is  the  Point  Pleasant  formation  of 
limestones  with  thin  shales  and  siltstone  beds;  in  the  surrounding  hills,  the 


bedrock  is  the  Kope  formation  consisting  of  shales  with  thin  limestone  beds. 
Alluvial  deposits  in  the  valley  consist  of  45  H-  feet  of  silts,  clays,  sand  and 
gravel.  Plate  10  is  natural  section  at  the  project  showing  soil 
compositions.  This  data  was  obtained  by  field  inspection  by  a  Geotechnical 
Engineer. 

c.  Locality,  Development  and  Occupation.  The  Ohio  River  valley  in 
the  vicinity  of  the  demonstration  site  has  developed  a  diverse  industrial 
character.  There  is  a  variety  of  occupations  including:  farming,  small 
private  factories  and  service  companies,  large  industrial  complexes,  and 
various  public  service  companies.  Moscow  is  about  26  miles  upstream  from 
Cincinnati,  Ohio.  The  two  are  connected  via  State  Highway  52  and  many  of 
Moscow  s  inhabitants  commute  to  work  in  Cincinnati.  The  terrain  around  Moscow 
is  moderately  rolling  to  heavy  rolling  which  does  not  lend  itself  to  large 
farm  complexes.  Farms  are  generally  fewer  in  number  and  smaller  in  size  than 
the  other  areas  of  the  Ohio  valley  downstream.  Most  common  crops  are  corn, 
tobacco  and  beans.  Considerable  cattle  are  also  raised.  A  nuclear  powerplant 
being  constructed  immediately  downstream  from  Moscow  has  been  annexed  by  the 
Village. 

Moscow  itself  is  quite  small,  less  than  1,000  persons.  There  are  no  large 
factories.  People  either  work  in  very  small  local  shops  or  commute  to 
locations  in  greater  Cincinnati.  The  population  has  changed  very  little  in 
the  last  few  years.  Moscow  is  in  Clermont  County  with  Batavia  being  the 
County  Seat  about  30  miles  to  the  north.  Plate  1  shows  the  general  location 
of  Moscow. 


d.  Hydrologic  Characteristics.  The  Ohio  River  flows  in  a  southwest 
direction  through  mideast  and  midwest  states.  The  river  is  981  miles  long. 
Zero  mileage  starts  at  the  headwaters  of  this  stream  which  is  in  the 
confluence  of  the  Allegheny  and  Monongahela  Rivers.  The  river  valley 
experiences  somewhat  varying  weather  patterns  since  the  eastern  part  of  the 
basin  is  further  north  than  the  western  portion.  Winters  in  the  valley  are 
generally  moderately  cold  with  temperatures  below  zero  occurring  occasionally 
in  the  southern-western  portion  and  occurring  more  frequently  in  the  northern- 
eastern  portion.  Ice  jams  occur  occasionally  in  the  northern  valley 


and  very  seldom  in  Che  southern  portion.  Average  slope  of  the 
river  is  0.3  feet  per  mile.  The  greatest  flood  on  record  was  the  1937 
flood.  Discharge  in  this  flood  near  Moscow  was  823,000  cfs.  Plate  11  shows 
various  flood  profiles  and  the  normal  pool  level  (455)  for  the  project 
vicinity.  Average  flow  near  Moscow  is  about  89,000  cfs. 

e.  Channel  Conditions.  The  Ohio  River  has  been  an  important  artery 
since  prehistory  and  has  undergone  navigation  improvements  since  1824  when 
Congress  provided  for  removal  of  obstructions  such  as  bars  and  snags.  For 
many  years,  river  navigation  was  facilitated  solely  by  open  channel 
improvements.  In  addition  to  removal  of  channel  obstructions,  stone  training 
dikes  were  constructed  at  various  bars  in  order  to  constrict  the  channel  and 
increase  the  scour  of  the  river.  The  first  movable  dam  on  the  Ohio  River  was 
located  at  Davis  Island,  4.7  miles  below  Pittsburgh,  and  opened  to  commerce 
October  7,  1885.  A  system  of  locks  and  movable  dams  was  eventually 
constructed  along  the  entire  Ohio  River.  These  early  dams  Incorporated  a 
navigable  pass  to  provide  a  channel  for  open  river  navigation  during  periods 
of  high  flow.  A  series  of  wickets,  heavy  timber  shutters,  were  raised  to 
impound  water  as  needed  to  maintain  a  navigation  pool.  When  not  required,  the 
wickets  would  lie  flat  at  such  a  depth  as  to  offer  no  obstruction  to  free 
navigation  through  the  pass.  Replacement  of  these  original  navigation  dams 
with  fixed,  gated  structures  having  higher  lifts  has  been  ongoing.  Markland 
Dam,  downstream  of  project,  was  placed  in  operation  in  1965.  Meldahl  Dam, 
upstream  of  project,  was  placed  in  operation  in  1965.  These  high  lift  dams 
maintain  9  foot  navigation  depths  all  along  the  river.  Depths  immediately 
upstream  of  these  new  dams  range  from  25  to  40  feet.  The  width  of  the  river 
channel  averages  almost  roughly  3,000  feet.  Plate  9  is  a  natural  channel 
cross  section  at  the  project  site. 

f.  Environmental  Considerations.  Because  of  the  frequent  inundation 
and  constant  erosion  of  the  bank,  vegetation  is  sparse  and  limited  in 
diversity  especially  at  the  lower  elevations.  On  the  beach  itself,  the 
vegetation  consists  primarily  of  willows  and  a  few  scattered  perennials  and 
annuals.  Higher  up  the  bank,  the  vegetation  becomes  denser  and  includes  such 
species  as  Johnson  grass,  panic  grass,  lamb's  quarter,  sunflower,  ragweed,  and 
occasional  patches  of  equisetum.  The  equisetum,  as  well  as  certain  other 


species,  no  doubt  derived  their  moisture  requirements  from  the  numerous  resi¬ 
dential  outfalls  located  along  the  bank.  Along  the  upper  edge  of  the  slope 
and  the  bank  top,  the  vegetation  consists  of  typical  flood  plain  species 
including  silver  maple,  hackberry,  ash,  elm,  and  black  walnut.  Based  on  the 
existing  habitat  conditions,  the  study  area  is  judged  to  support  some 
residential  tolerant  songbirds  and  to  serve  as  a  "pass  through"  area  for  other 
species.  An  occasional  rabbit,  rodent,  or  reptile  might  also  be  supported 
within  the  area. 

In  accordance  with  Federal  cultural  resource  legislation,  an  evaluation  was 
made  to  determine  the  impact  of  the  proposed  project  on  archaeological, 
historic,  paleonlogical,  and  architectural  resources.  A  review  of  the 
University  of  Cincinnati  archaeological  site  survey  files  revealed  no  sites 
within  the  project  area.  During  the  course  of  the  field  reconnaissance,  a 
number  of  bones  were  recovered  which  have  been  tentatively  identified  as 
belonging  to  Bison.  No  prehistoric  cultural  materials  were  found  within  the 
project  area.  Several  of  the  14  residences,  which  are  threatened  by  the 
eroding  bank,  have  local  historical,  as  well  as  architectural  significance. 
None  of  these  structures  will  be  adversely  affected  by  project  construction. 

The  proposed  project  will  exert  short  term  adverse  impacts  on  water  quality 
during  project  construction  as  a  result  of  increased  turbidity.  The  long  term 
impact  on  water  quality  should  be  positive  as  a  result  of  decreased  suscepti¬ 
bility  of  the  bank  to  massive  failure  and  erosion  which  will  substantially 
lessen  localized  river  turbidity.  There  will  also  be  a  temporary  increase  in 
noise  and  erosion  and  a  decrease  in  air  quality  as  a  result  of  activities 
associated  with  construction.  There  will  be  no  long  term  adverse  impacts  from 
these  activities.  The  impact  on  natural  vegetation  and  fauna  will  be 
minimal.  A  portion  of  the  project  area  will  be  stabilized  by  regrading  and 
plu.tdng  of  selected  species.  Whenever  possible,  the  existing  vegetative 
cover  will  be  retained.  The  long  term  stability  to  be  provided  by  the  project 
should  enhance  the  area  from  the  standpoint  of  providing  stabilized  habitat 
conditions  for  wildlife. 

From  a  socioeconomic  standpoint,  the  project  will  be  beneficial  by  providing 
protection  to  14  residential  structures,  several  of  which  have  local 


historical  significance.  Implementation  of  the  project  will  not  have  any  long 
term  significant  adverse  effect  on  air,  noise,  water  quality  resources  and 
aesthetics. 

6.  Demonstration  Site  Test  Reach. 

a.  Hydrologic  Characteristics.  The  Moscow,  Ohio  project  is  located 
on  the  right  bank  alluvial  flood  plain  of  the  Ohio  River,  just  upstream  of  the 
City  of  Moscow.  The  Ohio  River  at  this  point  flows  northward  in  a  generally 
narrow  valley.  The  river  at  the  project  site  is  approximately  1500  feet  wide 
and  the  flood  plain  is  2500  feet  wide.  The  slope  on  the  Kentucky  side  rises 
steeply  from  the  Ohio  River  to  elevations  above  800  feet.  The  alluvial  flood 
plain  is  fairly  flat,  with  an  elevation  of  500  feet,  about  45  about  the  normal 
pool  of  Markland  Dam.  The  hills  on  the  Ohio  side  of  the  river  rise  steeply 
from  the  flood  plain  to  approximately  the  same  elevations  as  on  the  Kentucky 
side  of  the  river.  Temperatures  in  the  area  are  relatively  moderate,  rarely 
above  100°f  and  only  occasionally  below  0°. 

b.  Hydraulic  Characteristics.  The  Moscow,  Ohio,  site  is  located  in  a 
relatively  straight  portion  of  the  Ohio  River  (Mile  442.5).  Stream  velocity 
ranges  from  about  1  foot  per  second  at  normal  pool  (455.0)  to  5  feet  per 
second  for  high  water.  Ordinary  High  Water  (0HW),  100-year  flood,  and  record 
1937  flood  elevations  at  the  site  are  475.3,  506,  and  516,  respectively. 

Moscow  is  89.1  miles  above  Markland  Dam  (normal  pool  455.0)  and  6.4  miles 
below  Meldahl  Dam.  An  elevation-frequency  curve  is  given  on  Plate  16.  Plate 
9  is  a  full  natural  cross  section  at  the  project  site.  Plate  11  is  an  Ohio 

River  water  surface  profile  of  the  river  in  the  area.  Elevation  hydrographs 

for  the  Markland  Pool  (years  1977-1980)  are  shown  on  Plates  12-15. 

c.  Riverbank  Description.  The  study  area  consists  of  an  eroding  bank 

on  the  edge  of  a  narrow  flood  plain  of  the  Ohio  River.  The  bank  consists  of 
beach  less  than  100  feet  in  width  with  a  1  on  5  slope,  backed  up  by  a  steep 

bank  of  about  20  feet  in  height  with  a  1  on  1  slope.  Both  the  beach  and  the 

bank  have  been  benched  by  the  effects  of  wave  action.  Soil  consists  of 
alternating  seams  of  sandy  silt  and  clay.  Portions  of  the  upper  section  of 
the  bank  are  supported  by  brick  and  stone  retaining  walls.  There  is  a  400- 
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foot  public  wharf  area  which  lies  between  eroding  bank  areas.  It  Is  composed 
of  cobblestones  which  were  hand  placed  In  the  last  century.  These  have  been 
partially  paved  over  with  asphalt.  Bank  recession  has  not  occurred  In  the 
wharf  area  but  Is  obvious  on  the  banks  of  either  side  of  It.  The  riverfront 
at  Moscow  was  not  affected  by  the  raising  of  Markland  Pool  In  1963  because  a 
previous  daa  had  caused  a  normal  pool  of  455  at  Moscow  prior  to  impoundment  of 
Markland  Dam. 


III.  DESIGN  AND  CONSTRUCTION. 

7.  General.  Because  of  the  rather  gentle  slope  of  the  rive-bank,  a  design 
was  developed  which  would  preserve  the  whole  bank  and  require  extensive 
protection  at  the  lower  level.  This  plan  is  shorn  on  Plates  3  and  4.  The 
lower  bank  would  have  stone  protection,  and  the  upper  bank  would  be  graded  and 
protected  by  vegetation.  Four  different  types  of  vegetation  protection  were 
tried  for  the  upper  bank.  These  are  shown  on  above  plates.  Ice  problems  are 
not  normally  encountered  at  the  site.  Therefore,  design  of  protection  to 
withstand  ice  forces  was  not  Incorporated. 

8.  Basis  for  Design.  The  riprap  design  of  the  lower  bank  was  used  because  It 
was  relatively  cheap  and  was  easy  to  install  at  this  site  using  a  dozer. 

Also,  this  would  hopefully  provide  a  stable  lower  slope  so  that  adequacy  of 
the  different  vegetation  covers  on  the  upper  bank  could  be  compared. 

9.  Construction  Details.  Plates  5  through  8  show  sections  of  four  schemes 
used.  Placement  of  the  toe  protection  was  done  by  dozer.  Grading  of  upper 
slopes  was  also  done  by  dozer.  Hand  labor  would  be  used  to  seed  the  area  and 
plant  vegetation. 

The  work  was  accomplished  in  four  areas  each  using  a  different  type  of  bank 
protection  for  testing  purposes.  Beginning  at  the  upstream  limit  of  the 
project.  Type  I,  about  670  cubic  yards  of  stone  riprap  toe  protection  was 
installed  up  to  elevation  458  along  300  feet  of  shore  front.  The  shore  area 
between  elevations  458  and  the  top  of  the  bank  (about  elevation  485)  was 
protected  by  a  combination  hydro-seed  and  straw  with  asphalt  emulsion. 
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The  next  350  feet,  Type  II,  of  shore  is  protected  by  a  riprap  toe  up  to 
elevation  458.  The  shore  area  between  elevations  458  and  485  is  protected  by 
plantings  through  a  mesh  combining  nylon  and  paper  (hold  grow)  and  a  4-inch 
layer  of  granular  bedding.  This  reach  required  780  cubic  yards  of  riprap,  280 
cubic  yards  of  bedding,  and  2,530  square  yards  of  hold-grow.  The  next  300 
feet  is  a  public  wharf  area  built  of  hand-placed  cobblestones  partially 
paved.  Riprap  is  to  be  used  to  repair  areas  where  cobbles  have  come  out  of 
place.  About  500  cubic  yards  of  riprap  will  be  required  for  this  purpose. 

The  next  350  feet  of  riverbank,  Type  III,  is  protected  by  a  riprap  toe  up  to 
elevation  462*  The  shore  area  between  elevations  462  and  485  is  protected  by 
selected  plantings  through  excelsior  erosion  control  mats  and  a  4-inch  layer 
of  granular  bedding  material.  This  reach  required  910  cubic  yards  of  riprap, 
210  cubic  yards  of  bedding  material  and  1,940  square  yards  of  excelsior 
erosion  control  mats. 

The  remaining  300  feet  (to  the  downstream  limit  of  the  project).  Type  IV,  is 
protected  by  a  riprap  toe  to  elevation  462.  The  shore  area  between  elevation 
462  and  485  is  protected  by  selected  plantings  into  granular  bedding  material 
stabilized  by  mulch.  This  reach  required  780  cubic  yards  of  riprap  and  180 
cubic  yards  of  gravel  bedding  material. 

10.  Cost.  The  total  cost  of  the  project  to  date  is  $352,000  including 
engineering,  construction,  design  and  supervision.  Some  seeding  and  willow 
tree  plantings  have  not  yet  been  done  by  the  Corps.  Three  monitoring 
inspections  have  been  made  so  far.  The  table  below  shows  actual  construction 
costs  expended  to  date.  Total  costs  including  supervision,  administration, 
engineering,  design,  and  construction  is  also  given. 


Protection  Type 


Construction 
Cost/Square  Foot 


Construction 
Cost/Linear  Foot 


Total 

Cost/Linear  Foot 


Type  I 


Type  II 
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Protection  Type 

Construction 

Cost/Square  Foot 

Construction 

Cost/Linear  Foot 

Total 

Cost/Linear  Foot 

Type  III 

.155 

8.41 

151. 

Type  IV 

.067 

3.24 

145. 

Riprap  (lower  bank)  2.28 

79.65 

— 

IV.  PERFORMANCE 

OF  PROTECTION. 

11.  Monitoring  Program.  Elements  of  the  monitoring  program  are  summarized  In 
Plate  2.  The  site  has  only  been  monitored  on  three  occasions  so  far. 
Monitoring  will  continue  through  September,  1983.  A  velocity  instrument  was 
not  used  because  stream  velocity  is  not  critical  in  this  case.  Velocity  is 
estimated  by  engineers  during  inspections.  Pool  levels  are  obtained  from  the 
Beckjord  Power  Plant  gage  just  downstream. 

12.  Evaluation  of  Protection  Performance.  By  22  January  1981,  the  project 
was  complete  except  for  seeding  and  willow  tree  planting.  Photos  4  and  5  show 
"hold-grow"  cloth  and  straw  areas  which  river  flow  had  damaged.  They  are  not 
able  to  withstand  river  flow.  During  early  June  81  high  water,  the  "hold- 
grow"  and  straw  were  totally  washed  away.  Also,  some  sloughing  of  the  upper 
bank  at  downstream  end  of  project  had  occurred  during  the  June  81  high 
water.  This  water  reached  elevation  485  .  Lower  level  areas  actually  had 
sediment  deposits.  All  willow  tree  seedlings  were  either  covered  by  sediment 
or  washed  away. 

13.  Rehabilitation.  No  rehabilitation  has  been  done  and  it  appears  that  none 
will  be  required.  Some  minor  repair  of  upper  slopes  on  downstream  half  of 
project  may  be  required. 

14.  Summary  of  Findings.  It  is  too  early  to  even  speculate  on  the  relative 
effectiveness  of  the  various  types  of  vegetations  used.  It  is  known,  however, 
that  the  nylon  and  paper  mesh  and  straw  do  not  withstand  normal  high  water 
conditions.  The  riprap  toe  does  appear  quite  stable  at  this  time.  Because  of 
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the  relative  gentle  slope  of  the  earth  bank,  vegetation  will  probably  take 
hold  and  maintain  bank  stability.  Future  monitoring  Inspections  will  be 
required  to  verify  this.  Possible  problem  areas  at  the  site  could  be  at  the 
upstream  and  downstream  ends  of  the  project  and  where  the  gradually  sloping 
bank  meets  the  steeper  banks  near  the  residences.  The  June  81  monitoring 
Inspection  showed  some  sloughing  taking  place  along  the  base  of  the  steeper 
upper  bank  near  residences.  This  appeared  to  be  caused  by  high  water  flows 
and  by  "piping"  of  water  through  sandy  areas  of  the  ground.  Photo  7  is  a 
typical  example  of  this  problem  area.  Photo  8  shows  the  upstream  portion  of 
project  where  "hold-grow,"  straw,  and  willows  were  washed  out  by  high  water. 
Overall  stability  of  this  area  appears  good  nevertheless.  Riprap  toe  all 
along  project  was  in  excellent  condition. 
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PHOTO  NO.  1.  22  Jan.  81.  Second  Mon¬ 

itoring  inspection.  Looking  downstream 
(Stations  20+40-27+30). 


PHOTO  NO.  2.  Concrete  paved  outlet  of 
small  diameter  clay  pipe.  Station  25+00. 
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PHOTO  NO.  3.  22  Jan.  81.  Second  Mon¬ 

itoring  Inspection.  Typical  grading 
showing  taper  to  upper  bank  (Stations 
21+00-27+00). 


PHOTO  NO.  4.  22  Jan.  81.  Second  Mon¬ 

itoring  inspection.  Closeup  of  "Hold 
Grow”  mat — cannot  withstand  river 
current. 


PHOTO  NO.  7.  Typical  sloughing  of 
upper  bank  along  downstream  half  of 
project.  (June  1981) 


PHOTO  NO.  8.  Upstream  half  of  project 
where  "Hold-Grow”  had  been  placed. 

High  water  washed  out  the  hold-grow. 
(June  1981) 
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Parameter 

Geometry 


Climate 


Hydraulics 


Streambank 

Protection 


Geology  and 
Soils 


Item 

1.  Overbank  cross  sections  thru 
various  types  of  protection  used. 

See  Plates  5  thru  8. 

2.  Full  channel  cross  section. 

Plate  9. 

3.  Ground  photos  from  fixed  Quarterly 

reference  points. 

1.  Air  temperature,  precipitation.  Continuous 

wind. 

2.  Ice  conditions,  snow  cover  noted  As  available 

from  visual  observations. 

1.  River  stage  record  (Beck jo rd  Dally 

Power  Plant  gage  unit  upstream). 

2.  Stream  velocity  (estimated  from  Quarterly 

observation). 

3.  Wave  height  (fixed  staff  gage).  Quarterly 

A.  Other  miscellaneous  river  Quarterly 

conditions:  current  direction, 
turbidity,  etc. 

1.  Monitor  dimensional  changes  of  Quarterly 

marked  structural  and  vegetal  units 

through  photos  and  manual  measurement. 

2.  Observe  durability  of  marked  units  Quarterly 

of  structural  material  (qualitative). 

3.  Observe  condition  of  marked  plants.  Quarterly 

A.  Record  initiation  and  measure  Quarterly 

progression  of  failures  in  bank 

protection. 

1.  Materials  properties  testing.  Once 
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OHIO  RIVER 

MOUNT  VERNON,  INDIANA 


Section  32  Program  Streambank  Erosion  Control 
Evaluation  and  Demonstration  Act  of  1974 


OHIO  RIVER  AT  MOUNT  VERNON,  INDIANA 
DEMONSTRATION  PROJECT  PERFORMANCE  REPORT 

I.  INTRODUCTION 

1.  Project  Name  and  Location.  Mount  Vernon,  Indiana  Bank  Protection,  Ohio 
River,  Mile  829.  Plate  1  shows  a  general  "Vicinity  Map"  and  site  "Location 
Plan"  for  the  project. 

2.  Authority.  Streambank  Erosion  Control  Evaluation  and  Demonstration  Act  of 
1974,  Section  32,  Public  Law  93-251. 

3.  Purpose  and  Scope.  This  report  describes  a  bank  erosion  problem,  the 
types  of  bank  protection  used,  and  a  performance  evaluation  of  a  demonstration 
project  on  the  Ohio  River  constructed  and  monitored  by  the  Louisville 
District. 

4.  Problem  Resume.  The  project  is  located  on  the  Indiana  shore,  within  the 
Mt.  Vernon  city  limits  at  Ohio  River  Mile  829  (Plate  1).  Streambank  erosion 
has  been  a  problem  at  Mt.  Vernon  for  many  years,  particularly  in  the  vicinity 
of  the  waterworks.  The  main  cause  of  erosion  is  the  saturation  of  riverbank 
soil  during  high  water,  resulting  in  sloughing  banks  when  the  river  recedes. 
Once  saturated,  the  much  heavier  soil  becomes  unstable  after  pressure  on  it 
from  high  river  water  is  removed  by  the  receding  river.  Less  important  causes 
of  erosion  are  river  currents  and  eddies.  River  velocities  are  normally  less 
than  5  feet  per  second.  Some  caving  of  the  banks  has  been  caused  by  natural 
drainage  through  underground  porous  areas  of  the  soil.  In  this  process,  soil 
is  carried  out  of  the  ground  leaving  a  hole  or  cave  in  the  bank  which 
collapses.  This  process  is  called  "piping.”  There  were  various  mechanisms  of 
erosion  at  work  in  this  area,  but  the  saturation  and  sloughing  process  is  the 
dominating  factor.  It  is  the  principal  cause  of  erosion  at  this  project  site. 
Average  loss  of  ground  has  been  1  foot  per  year  at  top  of  bank. 


II.  HISTORICAL  DESCRIPTION 


5.  Stream. 

a.  Topography.  The  Mount  Vernon,  Indiana,  project  Is  located  on  the 
right  bank  of  the  Ohio  River  (Mile  829)  In  the  aggraded  valley  portion  of  the 
Interior  Lowland  Plateau  Province.  Mt.  Vernon  is  within  the  lower  one  third 
reach  of  the  Ohio  River  which  forms  the  southern  boundary  of  the  State  of 
Indiana.  Along  this  reach  of  the  river  below  Cannelton,  Indiana,  the  river 
flows  in  a  generally  southwesterly  direction  in  a  meandering  channel  within  a 
broad  aggraded  filled  valley.  Plate  7  is  a  profile  of  the  river  near  the 
project.  The  tributary  streams  which  enter  the  river  are  aggrated  along  their 
lower  courses  accordingly,  and  flow  in  wide  valleys  as  tiny  channels  and 
everywhere  pass  soil  banks.  This  is  in  contrast  to  the  Ohio  River  and 
tributaries  upstream  of  Cannelton,  Indiana,  which  flows  in  channels  with 
deposits  generally  no  deeper  than  the  depth  they  are  capable  of  scouring  to. 
Although  the  Ohio  River  flows  in  a  generally  southwesterly  direction  along  its 
lower  one-third  reach  of  the  state  boundary,  it  does  so  in  many  great  nearly 
right  angled  turns  in  alternate  westerly  and  southerly  directions.  Mt.  Vernon 
is  situated  at  one  of  these  nearly  right  angle  westerly  bends  in  the  river 
course.  At  Mount  Vernon,  the  Ohio  River  is  approximately  2,000  feet  wide. 
Topography  is  typical  of  the  flood  plain  area  of  the  Lower  Ohio  River  Valley 
with  gentle  slopes.  The  valley  is  characterized  by  a  deep  covering  of 
alluvial  material  over  the  floor  of  the  valleys  of  the  preglacial  drainage. 
There  has  been  much  meandering  and  lateral  movement  of  the  master  stream 
throughout  the  wide,  generally  flat  area  left  by  the  aggradation  processes. 

The  river  bank  of  the  Ohio  River  at  Mount  Vernon  is  20-25  feet  above  the 
normal  pool  of  the  Uniontown  Dam.  Plate  5  is  a  typical  natural  river  cross 
section  at  the  project. 

b.  Geology.  Plate  6  is  a  natural  section  at  the  project  with  soil  types 
shown.  The  bedrock  consists  of  shales,  sandstones  and  limestones  and  coals  of 
the  Pennsylvanian  System  which  have  been  generally  non-resistant  to  the 
weathering  and  erosional  processes.  The  regional  dip  is  approximately  25  feet 
per  mile  west  and  northwest.  Alluvial  deposit  depth  over  bedrock  ranges  from 


65  to  80  feet.  At  the  Mount  Vernon  project,  river  banks  consist  of  brown  lean 
to  silty  clay  overlying  a  gray  silty  clay  at  about  the  normal  pool  of 
Uniontown  Dam. 

c.  Locality,  Development  and  Occupation.  The  Ohio  River  valley  in  the 
vicinity  of  the  demonstration  site  has  developed  a  diverse  industrial 
character.  Over  the  past  several  decades,  portions  of  the  broad  agricultural 
bottoms  have  been  acquired  for  industrial  development.  Mt.  Vernon,  Indiana, 
is  in  the  Uniontown  Dam  pool.  Uniontown  Dam  is  at  Mile  846.  Within  the 
Uniontown  pool,  the  valley  contains  several  large  cities  and  towns  along  its 
banks.  Mount  Vernon,  the  county  seat,  is  in  Posey  County  and  has  a  population 
of  around  10,000.  Evansville,  Indiana,  is  the  largest  city;  other  large 
cities  near  the  area  are  Newburgh,  Indiana;  Uniontown,  Kentucky;  and 
Henderson,  Kentucky.  These  cities  have  a  varied  industrial  makeup  from  large 
nationally  known  manufacturing  companies  to  many  small  manufacturing  and 
service  companies.  Babcock  &  Wilcox  and  General  Electric  companies  have  large 
plants  in  Mount  Vernon. 

The  most  common  occupation  in  the  area  is  farming  with  corn  and  soybeans 
the  principal  crops.  Hogs  are  also  raised  by  many. 

d.  Hydrologic  Characteristics.  Mt.  Vernon,  Indiana  is  situated  on  the 
outside  of  an  Ohio  River  bend  at  River  Mile  829.  Mt.  Vernon  is  characterized 
topographically  by  a  high  bank  25-30  feet  above  Uniontown  Dam's  normal  pool 
elevation  342.  Drainage  area  of  the  river  at  the  project  site  is  107,700 
square  miles.  Slope  of  the  river  averages  about  1  foot  per  mile  and  is  .5 
foot  per  mile  at  the  site. 

The  project  site  is  17  miles  upstream  from  Uniontown  Locks  and  Dam.  Top 
of  bank  at  the  site  is  about  elevation  370.  The  river  is  approximately  2,000 
feet  wide  at  the  site.  Velocities  range  from  about  1  foot  per  second  at 
normal  pool  to  roughly  5  feet  per  second  during  flooding.  Ordinary  High  Water 
(OHW) ,  100-year  flood,  and  record  1937  flood  elevations  at  the  site  are  348.5, 
372.0  and  378.0.  Temperatures  in  the  area  are  generally  moderate,  rarely 
above  100°f  and  rarely  below  0°.  Ice  problems  are  not  normally  encountered  at 
the  project  site.  Design  of  bank  protection  to  withstand  ice  forces  was 


therefore  not  considered.  Elevation  hydrographs  for  the  Uniontovm  pool  (years 
1977  through  1980)  are  shown  on  Plate  8.  Plate  9  is  an  Ohio  River  elevation 
versus  frequency  curve  for  the  area.  Plate  5  is  a  natural  river  cross  section 
at  the  site.  Plate  7  is  an  Ohio  River  profile  With  historical  flood 
profiles,  channel  bottom  and  tributaries  in  the  area. 

e.  Channel  Characteristics.  Channel  characteristics  are  discussed  in 
paragraph  d  above. 

The  Ohio  River  has  been  an  important  artery  since  prehistory  and  has 
undergone  navigation  improvements  since  1824  when  Congress  provided  for 
removal  of  obstructions  such  as  bars  and  snags.  For  many  years  river 
navigation  was  facilitated  solely  by  open  channel  improvements.  In  addition 
to  removal  of  channel  obstructions,  stone  training  dikes  were  constructed  at 
various  bars  in  order  to  constrict  the  channel  and  Increase  the  scour  of  the 
river.  The  first  movable  dam  on  the  Ohio  River  was  located  at  Davis  Island, 
4.7  miles  below  Pittsburgh,  and  opened  to  commerce  October  7,  1885.  A  system 
of  locks  and  movable  dams  was  eventually  constructed  along  che  entire  Ohio 
River.  These  early  dams  Incorporated  a  navigable  pass  to  provide  a  channel 
for  open  river  navigation  during  periods  of  high  flow.  A  series  of  wickets, 
heavy  timber  shutters,  were  raised  to  impound  water  as  needed  to  maintain  a 
navigation  pool.  When  not  required,  the  wickets  would  lie  flat  at  such  a 
uepth  as  to  offer  no  obstruction  to  free  navigation  through  the  pass. 
Replacement  of  these  original  navigation  dams  with  fixed,  gated  structures 
having  higher  lifts  has  been  ongoing.  Uniontown  Dam  was  placed  in  operation 
in  1975.  Uniontown  Dam  (normal  pool  342.0)  replaced  old  Lock  and  Dam  49 
(normal  pool  331.0). 

f.  Environmental  Considerations.  The  general  aspect  of  the  vegetation 
from  the  shoreline  to  top  of  bank  is  bare  or  willow  thicket,  willow  to  black 
locust  thicket,  and  at  the  higher  elevation,  more  open  areas  of  grasses  and 
herbaceous  plants.  The  area  is  in  a  fairly  early  stage  of  succession  to 
riparian  forest.  Few  of  the  existing  trees  exceed  4  inches  in  diameter  and 
many  of  the  nonwoody  species  are  invasive  species.  A  list  of  plants 
identified  on  the  site  include:  black  willow,  silver  maple,  cottonwood,  black 
locust  and  box  elder  trees  and  various  weeds  and  grasses. 
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The  fauna  of  the  site  were  noted  to  be  sparse  and  not  particularly 
notable  or  diverse.  The  condition  of  the  habitat  and  its  proximity  to  an 
urban  area  indicates  that  it  would  be  of  little  value  to  rare,  endangered  or 
threatened  species  of  terrestrial  wildlife. 

The  aquatic  life  in  the  immediate  proximity  of  the  project  was  .lot 
examined.  However,  the  predominant  fish  species  present  in  this  general 
section  of  the  river  include  gizzard  shad,  freshwater  drum,  emerald  shiner, 
blue  catfish,  channel  catfish  and  threadfin  shad. 

An  investigation  of  cultural  resources  on  the  site  uncovered  no 
structures  that  would  be  affected. 

The  proposed  project  will  exert  short  term  adverse  impacts  on  water 
quality  during  project  construction  as  a  result  of  increased  turbidity.  The 
long  term  Impact  on  water  quality  should  be  positive  as  a  result  of  decreased 
susceptibility  of  the  bank  to  massive  failure  and  erosion  which  will  lessen 
localized  river  turbidity. 

The  impact  on  the  natural  vegetation  and  fauna  will  be  minimal  and  of  a 
short  term  nature.  A  section  of  the  project  area  will  be  stabilized  by 
regrading  and  planting  of  willow  and  fescue  which  closely  corresponds  to  the 
existing  vegetative  cover.  Whenever  possible,  the  existing  vegetation  will  be 
retained.  So,  although  there  will  be  some  disruption  of  plant  and  animal 
populations  during  construction,  the  area  should  quickly  recover.  The  long 
term  stability  to  be  provided  by  the  project  should  enhance  the  area  from  the 
standpoint  of  providing  stabilized  habitat  conditions  for  wildlife 
populations. 

6.  Demonstration  Site — Test  Reach. 

a.  Hydrologic  Characteristics.  The  hydrologic  characteristics  are  as 
previously  stated  in  paragraph  5-d. 

b.  Hydraulic  Characteristics.  Hydraulic  characteristics  are  also 
discussed  in  paragraph  5-d. 


c.  Riverbank  Description.  Plate  6  is  a  natural  section  at  the  site  with 
delineations  of  soil  types  shown.  A  test  boring  was  used  to  make  this 
plate.  Since  completion  of  the  project  vegetation  has  increased 
considerably— see  photographs.  The  "no  work"  areas  are  becoming  more  stable 
with  time  because  of  increasing  vegetation.  Vegetation  is  growing  in  riprap 
areas  and  has  covered  almost  100  percent  of  the  area  of  rock  covered  by  wire 
mesh. 

III.  DESIGN  AND  CONSTRUCTION 

7.  General.  The  relatively  long  bank  to  be  protected  (1250  feet+)  gave  an 
opportunity  to  experiment  with  various  types  of  bank  protection,  including  an 
area  of  no  protection  other  than  natural  vegetation.  Plate  3,  Plan,  shows  the 
different  types  of  protection  used.  The  various  types  were  "no  work;"  sand- 
cement  filled  paper  bags,  riprap,  fabriform  and  smaller  rock  secured  by  wire 
mat.  Photographs  also  show  the  various  protection  schemes. 

8.  Basis  for  Design.  The  design  of  protection  was  based  on  the  hydraulic 
aspects  of  the  Ohio  River,  a  large,  wide  river  of  moderate  depth  which  during 
high  flows  places  considerable  forces  on  its  banks.  Velocities  can  reach  5  to 
6  feet  per  second.  Commercial  tow  traffic  waves  and  natural  waves  reach  2  feet 
in  height.  Eddies  and  currents  can  weaken  protection  if  it  is  not  designed  to 
withstand  them.  The  designs  were  intentionally  marginal  for  the  purpose  of 
experimentation.  These  are  discussed  in  subsequent  paragraphs. 

9.  Construction  Details.  The  protection  schemes  are  shown  on  Plate  3,  a 
plan.  Also  Plate  A  shows  typical  cross  sections  for  the  wire  mat  segment, 
sand-cement  bag  segment  and  the  fabriform  segment.  For  these  areas  the  ground 
slopes  were  prepared  and  then  protections  were  placed.  No  work  was  done  in 
the  areas  of  no  protection.  It  was  hoped  that  these  areas  would  eventually 
stabilize  since  protection  would  be  placed  nearby.  Heavy  machines,  trucks  and 
dozers  were  assisted  by  laborers  on  foot  to  assure  exact  placement  of 
protection.  See  photograph  3  which  shows  placement  of  wire  mats.  The  upstream 
limit  of  the  project  is  at  the  Short  Milling  Company  with  a  combination  of 
riprap  integrated  with  existing  willows  for  a  220-foot  reach.  This  is 


followed  by  a  270-foot  reach  of  paved  wharf  for  which  no  work  was  required. 

The  following  reach,  about  260  feet  long,  primarily  for  protection  of  the 
water  works,  has  a  riprapped  toe.  The  portion  of  the  bank  above  the  toe  was 
protected  by  nylon  reinforced  paper  bags  filled  with  a  sand-cement  mixture  for 
about  150  feet  and  by  fabriform  for  about  110  feet.  Fabriform  consists  of 
nylon  mattresses  filled  with  grout.  The  bank  slope  in  this  reach  was  about 
1.5H:1V/. 

The  remaining  440  feet  of  project  is  primarily  to  protect  the  eroding 
natural  toe  at  the  base  of  a  railroad  embankment.  About  100  feet  was 
partially  covered  by  willows  and  was  left  undisturbed.  The  next  1,000  feet  of 
bank  had  its  eroded  toe  protected  by  a  riprap  dike.  The  final  200  feet  of  the 
project  had  the  eroding  toe  protected  by  stone  bedding  material  up  to  4  inches 
in  size  secured  by  wire  mats.  The  total  length  of  the  project  is  about  1,250 
feet,  including  areas  requiring  no  protection.  Plate  4  shows  cross  sections 
of  the  originally  constructed  project.  The  side  slopes  of  the  natural  toe  at 
the  base  of  the  railroad  embankment  is  about  4H:1V. 

The  project  was  begun  in  September  1976  and  completed  in  February  1977. 

10.  Cost.  Total  cost  of  the  project  was  $108,000  including  Engineering  and 
Design  and  Supervision  and  Administration.  Actual  construction  cost  for  each 
scheme  is  shown  in  the  table  below.  Total  cost  including  supervision, 
administration,  engineering,  design  and  construction  is  also  given. 


Scheme 

Construction 

Cost /Square  Foot 

Construction 

Cost /Linear  Foot 

Total 

Cost/Linear  Foot 

"no  work" 

0 

0 

0 

Stone  only 

$1.11 

$  55. 

$  87.00 

Wire  mat  over  stone 

1.74 

55. 

87.00 

Sand-cement  filled  bags 

1.89 

95. 

126.00 

Fabriform 

3.33 

167. 

198.00 
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IV.  PERFORMANCE  OF  PROTECTION 

11.  Monitoring  Program.  Visual  observations  were  made  about  four  times  per 
year,  with  additional  visits  to  the  site  following  periods  of  protection 
failures  and  repair  or  reconstruction  of  the  protection.  Plate  2  shows  the 
parameters  monitored  and  the  frequency.  Analysis  of  environmental  and 
geotechnical  aspects  of  the  project  area  were  made  on  a  one  time  basis.  These 
are  in  Para.  5f  in  this  report.  Ground  level  photography  was  made  during 
each  visual  observation.  Wave  height  was  measured  on  a  staff  gage  at  the 
upstream  limit  of  the  project.  Pool  levels  were  obtained  from  a  U.S.  Weather 
Service  gage  at  Mt.  Vernon.  A  velocity  instrument  was  not  used  since  stream 
velocity  is  not  considered  important  in  this  case.  Current  velocities  were 
relatively  low  and  were  estimated  by  engineers  during  inspections.  The 
monitoring  program  has  been  completed  for  this  project. 

12.  Evaluation  of  Protection  Performance.  Shortly  after  completion  of  the 
project  two  significant  river  rises  occurred  which  caused  shifting  of  many  of 
the  cement  bags — see  photographs.  By  May  1977  it  appeared  that  a  major  repair 
of  the  cement  bags  area  would  be  required.  Heavy  runoff  from  a  2-inch  rain 
storm  had  aggrevated  the  slippage  problem.  Loss  of  bedding  material  under  the 
bags  was  apparently  a  major  cause  of  their  failure.  During  October  1977  the 
cement  bag  area  was  repaired  by  adding  a  catch  basin  and  pipe  to  handle  the 
runoff  problem  and  by  placing  stone  over  the  damaged  area.  A  sketch  of  this 
repair  plan  is  shown  on  Plate  3.  Photo  7  shows  the  area,  just  after  repair. 

By  June  1978  some  additional  slippage  of  the  cement  bags  was  occurring.  Also 
some  erosion  in  the  "no  work"  areas  was  occurring.  By  May  1979  continued 
serious  slippage  of  the  cement  bags  was  taking  place.  A  major  repair  would  be 
required  there.  The  wire  mat,  fabriform,  and  riprap  areas  meanwhile,  had  held 
up  very  well.  No  appreciative  problems  were  evident  in  these  areas. 

13.  Rehabilitation.  In  November  1979,  an  18-inch  thickness  of  150-pound 
maximum  weight  quarry-run  stone  was  used  to  make  final  repairs  to  the 
project.  The  entire  area  of  cement  bags  (Stations  13+00  to  14+50)  was 
covered  with  stone.  Stone  was  placed  at  the  downstream  side  of  the  fabriform 
in  a  no  work  area.  A  stone  dike  was  placed  from  Stations  15+61  to  16+77  to 


help  stabilize  the  previously  unprotected  area.  Two  damaged  wire  mats  were 
also  replaced.  Photo  9  shows  the  project  after  rehabilitation.  Plate  3  shows 
locations  where  final  repairs  were  made.  The  15  July  1980  inspection  showed 
the  entire  project  to  be  stable  and  performing  well.  "No  work"  areas  were 
covered  with  heavy  vegetation  of  various  types.  Vegetation  was  also  heavy  in 
the  wire  mats.  No  additional  repairs  are  expected.  Total  cost  including 
rehabilitation  was  $207,322.  The  project  is  scheduled  to  be  turned  over  to 
the  locals  sometime  during  1981. 

14.  Summary  of  Findings.  Analysis  of  all  information  regarding  the  project 
brings  forth  the  following  conclusions: 

a.  Use  of  sand-cement  filled  bags  placed  edge  to  edge  should  be  limited 
to  areas  of  slopes  equal  to  or  flatter  than  2.5  horizontal  to  1  vertical  due 
to  tendency  to  slide.  Otherwise,  bags  should  be  layed  horizontal  and  over¬ 
lapped  to  form  the  steeper  slope.  By  using  burlap  bags  instead  of  paper, 
there  would  be  more  bonding  between  bags.  Also,  sand-cement  bags  should  be 
used  with  little  or  no  bedding  material  as  excessive  bedding  material  is 
easily  lost  during  high  water  periods.  This  method  appears  vulnerable  to  ice 
damage.  A  rare  ice  jam  in  1978  may  have  dislodged  several  bags,  weakening  the 
surrounding  area.  River  ice  is  of  such  rarity  in  this  area  that  design  to 
protect  against  ice  damage  is  not  warranted  and  was  not  done. 

b.  Fabriform  is  an  extremely  stable  protection  even  on  slopes  as  steep 
as  1  vertical  to  1  horizontal.  Because  of  its  relative  high  cost,  its  use  is 
not  warranted  unless  a  steep  slope  is  unavoidable  and  stability  of  protection 
is  essential. 

c.  The  upstream  and  downstream  ends  of  fabriform  should  be  keyed  into 
bank;  or  stone  added,  as  recommended  by  manufacturer,  since  these  areas,  if 
unprotected  may  create  localized  currents  and  eddies  causing  erosion  of 
bedding  material  from  edges  of  fabriform.  See  photograph  6. 

d.  Vegetation  growth  on  or  through  fabriform  is  not  likely. 
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e.  Stone  covered  with  wire  mats  does  a  good  job  of  bank  protection  and 
allows  heavy  regrowth  of  vegetation.  This  method  is  more  expensive  than 
placing  standard  stone  protection.  Also,  the  project  life  of  this  method  is 
limited  to  life  of  the  wire.  Eventually  the  wire  will  rust  or  in  some  cases 
can  be  subjected  to  damage.  The  vegetation  growth  through  the  rock  and  mats 
could  stabilize  the  bank  for  many  years  after  wire  mats  have  rusted  away. 

f.  Areas  of  "no  protection"  between  protected  areas  were  left 
unprotected  when  willows  below  normal  pool  died.  Normal  pool  had  recently 
been  raised  with  completion  of  Uniontown  Dam,  17  miles  downstream.  The 
upstream  "no  protection"  area  (Station  9+00  to  9+70)  has  sufficient  growth 
above  normal  pool  to  remain  stable.  Willows  appeared  to  offer  satisfactory 
protection  here. 

g.  Areas  immediately  upstream  or  downstream  of  a  protection  project  may 
erode.  Care  should  be  taken  in  initial  installation  of  protection  to  make  a 
smooth  transition  to  natural  areas  so  that  localized  currents  or  eddies  are 
not  created  there. 

h.  The  most  economical  form  of  protection  used,  considering  initial 
installation  and  maintenance  costs,  is  "quarry  run"  stone.  It  has  stabilized 
on  a  steep  slope  (1.5H  to  IV).  It  allows  some  regrowth  of  vegetation  and  can 
resist  the  low  to  moderate  velocities  of  the  lower  Ohio  River. 

i.  An  important  conclusion  from  the  Mt.  Vernon  project  is  that  areas  of 
"no  protection"  may  remain  stable  if  there  *re  moderate  slopes  (flatter  than 
2.5H:1V)  and  dense  vegetation  growth.  This  is  especially  true  if  transitions 
are  smooth  and  flood  duration  is  not  so  excessive  as  to  significantly  limit 
vegetative  growth. 
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PHOTO  NO.  1.  Peb.  77.  Project  just 
completed.  Looking  downstream  at  sand 
cement  bag  area  with  riprap  tow. 
Stations  12+50-13+50+ . 


PHOTO  NO.  2.  Feb.  77.  Project  just 
completed.  Looking  downstream  at  fab- 
rlform  area  with  riprap  toe,  Stations 
14+50-16+00. 

PHOTOS  1  AND  2 
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PHOTO  NO.  3.  Feb.  77.  Project  just 
completed.  Looking  downstream  at  wire 
covered  rock,  Stations  18+00-20+00. 
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PHOTO  NO.  4.  Feb.  77.  Project  just 
completed.  Looking  upstream  at  riprap 
area  (Stations  8+50-9+20).  Note  unpro¬ 
tected  areas  upstream  and  downstream  of 
protected  areas. 
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PHOTO  NO.  6.  May  77.  Erosion  just 
downstream  of  fabriform  in  "no-work" 
area  (Stations  15+60-16+00).  This  area 
was  later  protected  by  rock  placement. 


PHOTOS  5  AND  6 
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PHOTO  NO.  8.  May  79.  Continued  loss  of 
cement  bags  due  to  loss  of  bedding 
material  and  sliding  during  high  water. 
Rehabilitation  obviously  needed  at  that 
time. 


PHOTOS  7  AND  8 


PHOTO  NO.  9.  July  1980.  Looking  down¬ 
stream  at  project  following  major 
rehabilitation  of  project.  Note  signi¬ 
ficant  growth  of  vegetation.  Stations 
12+00-20+00. 


PHOTO  9 


PLATE  1 
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Parameter 

Item 

Frequency 

Geometry 

1.  Overbank  cross  sections  thru 
various  types  of  protection  used. 

See  Plate  4. 

Once-signif . 
changes  to  be 
resurveyed. 

2.  Full  channel  cross  sections. 

Once 

3.  Ground  photos  from  fixed 
reference  points. 

Qua rterly 

Climate 

1.  Air  temperature,  precipitation, 
wind. 

Continuous 

2.  Ice  conditions,  snow  cover  noted 
from  visual  observations. 

As  available 

Hydraulics 

1.  River  stage  record  (weather 
service  gage  at  Mount  Vernon). 

Daily 

2.  Stream  velocity  (estimated  from 
observation). 

Quarterly 

3.  Wave  height  (fixed  staff  gage). 

Quarterly 

4.  Other  miscellaneous  river 
conditions:  current  direction, 
turbidity,  etc. 

Quarterly 

Streambank 

Protection 

1.  Monitor  dimensional  changes  of 
marked  structural  and  vegetal  units 
through  photos  and  manual  measurement. 

Quarterly 

2.  Observe  durability  of  marked  units 
of  structural  material  (qualitative). 

Quarterly 

3.  Observe  condition  of  marked  plants. 

Quarterly 

4.  Record  initiation  and  measure 
progression  of  failures  in  bank 
protection. 

Quarterly 

Geology  and 
Soils 

1.  Materials  properties  testing. 

Once 

MOUNT  VERNON,  INDIANA 
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ELEVATION  IN  FEET  ABOVE  M.S.L. 


PLATE  9 


MOUNT  VERNON,  INDIANA 
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